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The Influence of Family Functioning in Adolescent Dental Caries 
 
Alyssa Marie Azevedo, MS 
 
University of Pittsburgh, 2019 
 
Abstract 
 
Objective: Dental caries affect most of the world’s population and although great strides 
have been made to reduce caries prevalence, it still remains a persistent health issue. Many 
components of this complex disease are well elucidated; however, family functioning is one area 
that has not yet been explored. Family functioning refers to how a family organizes itself to 
accomplish tasks and involves the relationships within the family. Understanding the influence of 
family functioning on dental caries has public health significance as caries impact the majority of 
individuals in industrialized nations. Using data from the first cohort from the Center for Oral 
Health Research in Appalachia, we examined the predictive relationship of selected family 
functioning dimensions on the number of dental caries in adolescents.  
Methods: To assess the selected family functioning dimensions, the Family Assessment 
Measure was used and consists of three sections: (1) General, (2) Self, and (3) Dyadic. A total 
DMFT (decayed, missing, and filled teeth) index served as the dependent variable, which included 
primary plus permanent dentition. Linear regression analyses were performed between each family 
functioning dimension and the dependent variable for each of the three sections. The only dyadic 
relationship assessed in this thesis was the adolescent-mother dyad and their responses were 
analyzed separately. The analyses were done with and without adjustment for covariates (age, 
income, race, sex, and site).  
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Results: No statistically significant relationships were found in the general assessment. In 
the self assessment, the dimensions involvement and values and norms were significant predictors 
of the adolescent’s total DMFT index. The adolescent’s dyadic rating of values and norms was 
also found to be a significant predictor of their total DMFT index. Both control and values and 
norms were significant predictors in the mother’s rating of the relationship.  
Conclusions: This study yielded support for family functioning dimensions being 
statistically significant predictors of an adolescent’s total DMFT index. Based off these findings, 
future studies investigating family functioning and dental caries merit further exploration. Studies 
such as this contribute to the overall understanding of the disease and may serve to inform future 
public health interventions.  
vi 
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1.0 Introduction 
Oral health is a crucial element of overall health and well-being. However, oral health was 
largely ignored until the Surgeon General published the first report on oral health in 2000. Dental 
disease was referred to as a “silent epidemic” affecting the most vulnerable populations in the 
United States (i.e. the elderly, individuals with intellectual disabilities, and children).1 Once the 
report was published, greater attention was given to this worldwide health issue. Furthermore, 
particular attention has been focused on children and the burden of dental caries on this at-risk 
population. Although, largely preventable, dental caries remains the most common chronic 
childhood disease.2 Dental caries has both short- and long-term impacts on a child’s life. Research 
has shown caries have a detrimental impact on a child’s psychological well-being, school 
performance, and cause difficulties with eating and sleeping.3 The US Department of Health and 
Human Services found 51 million hours of school are lost each year due to dental-related illness.1 
Caries can also affect children into adulthood by requiring lifelong maintenance and repair, as well 
as negatively affecting overall health and well-being.  
The dental caries disease process is considered multifactorial, which means it is influenced 
by environmental, genetic, and behavioral factors. Some of the biggest and most understood 
contributors to dental caries are a high sugar diet, lack of fluoride treatment, and low 
socioeconomic status.4,5 Although many risk factors have now been discovered, the impact of 
family functioning on childhood dental caries is not yet understood. Family functioning concerns 
the social and organizational properties of the family environment and assesses many intangible 
dimensions of family life.6 Family functioning looks at specific relationships and the ability of the 
family to complete tasks. Studies examining child development and health have revealed the 
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family has a significant and influential role in the habits and routines a child develops and takes 
onto adulthood.7,8 Proper oral hygiene habits are no different. For example, tooth brushing is one 
of the first tasks a child completes on his or her own, which means this habit is formed within the 
context of the family.  
The aim of this study is to explore the relationship between family function and adolescent 
dental caries in children 11-17 years old. For the purpose of this thesis, family functioning is 
limited to the following dimensions: task accomplishment, communication, involvement, control, 
and values and norms. Data from the first cohort of the Center for Oral Health Research in 
Appalachia (COHRA1) was used to achieve the following aims: 
• Assess the adolescent’s rating of general family functioning and determine if it can predict 
the level of dental caries in the adolescent 
• Assess an adolescent’s perception of his or her own functioning in the family and determine 
if it can predict the level of dental caries in the individual 
• Assess family functioning for the dyadic relationship between adolescent and mother 
o Determine if the mother and the adolescent assess the relationship in a similar 
manner  
o Determine if the adolescent’s and/or the mother’s assessment of the dyadic 
relationship can predict the level of dental caries in the adolescent 
Despite strides in lessening the number of dental caries in children living in the United 
States, caries continue to be a persistent public health problem.9 The results of this study will help 
to provide a deeper understanding of how family functioning impacts the number of dental caries 
in children. The hope is for this information to contribute to the creation of more effective oral 
health interventions with the overall goal of improving oral health in children.   
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2.0 Literature Review 
2.1 Dental Caries 
2.1.1  Overview 
Dental caries is a continuous disease process with multifactorial etiology. Biofilm, such as 
plaque, sits on the surface of the teeth, which metabolizes consumed carbohydrates. This generates 
acids which have the ability to enter the different layers of the tooth causing demineralization.10 If 
this area of the tooth surface does not undergo remineralization, it will begin to decay (caries 
formation). According to the Centers for Disease Control and Prevention (CDC), dental caries 
“remain the most common chronic disease of children aged 6 to 11 years and adolescents aged 12 
to 19 years”.2 Despite research illuminating the caries formation process, risk factors, and 
protective factors, dental caries continue to be a global public health burden.  
2.1.2  Tooth Anatomy 
To understand the dental caries process, it is important to understand the anatomy of the 
tooth. The tooth structure consists of four different layers: enamel, dentin, pulp, and cementum.11 
Enamel is the outermost layer of the tooth serving as a protective barrier against physical, chemical 
and thermal forces.12,13 Enamel is formed by epithelial cells and contains no collagen, which means 
that once enamel is formed, it is unable to remodel itself.10 Dentin makes up the bulk of the tooth 
structure, enclosing the pulp of the tooth and is more susceptible to caries-causing bacteria than 
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enamel.11 Dentin is made up of dentinal tubules, which are microscopic tubes that lead to the pulp 
of the tooth.11 The pulp is the part of the tooth that contains the nerves and blood vessels. It is 
responsible for providing blood flow and nutrients to keep the tooth alive and healthy.11 The pulp 
is extremely sensitive and if damaged by decay or trauma, a bacterial infection may occur requiring 
restoration to save the tooth. The cementum covers the root surface and serves to prevent the tooth 
from fusing or being reabsorbed by the alveolar bone.14  
These components and structures form early on during fetal development during a process 
called odontogenesis, which begins in the 6th week of fetal development.15 Tooth development 
consists of three stages: the bud stage, the cap stage, and the bell stage.15 After these stages are 
complete, hard structures form to make the crown of the tooth.15 Humans have two sets of teeth 
known as the primary and the permanent dentition and both develop during fetal development. On 
average, individuals develop 20 primary teeth. These are eventually replaced by the permanent 
dentition, which normally consists of 32 teeth.  
Teeth have different structures, surfaces, and sizes depending on their function. For 
example, incisors and canine teeth are chisel-shaped for cutting while molars have two or more 
cusps for grinding food. Due to their differences, certain teeth are more susceptible to caries than 
others. A study in 1941 by Klein and Palmer found molars were the most susceptible to caries 
while incisors and canines were least susceptible.16 A follow up study which utilized the methods 
of the Klein and Palmar study also found molars to be more susceptible to caries than other tooth 
types.17 The most susceptible tooth type was the mandibular second molar.17 Molars and premolars 
have more pits and fissures (grooves), which are more suitable for biofilm colonization and thus 
are more susceptible to caries than flat or smooth surfaces.18,19  
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2.1.3  Dental Caries Formation 
Previously dental caries was thought to be a simple linear progression, from enamel 
demineralization to a carious lesion. However, the caries process is now understood to be dynamic 
and continuous throughout an individual’s lifetime. The process is considered multifactorial or 
complex but requires the ingestion of dietary carbohydrates or sugars.20-23 Consumption of sugar 
has been shown to cause significant changes in the biochemistry and physiological environment 
of the oral cavity biofilms (such as plaque on the surfaces of the teeth), which makes teeth more 
vulnerable to caries.21 For example, sucrose fermentation induces a drop in pH that changes the 
plaque microflora to be more cariogenic.20-23 Despite being the strongest substance in the human 
body, the cariogenic environment has the capacity to demineralize dental enamel.10 
Demineralization causes calcium and other minerals to leach out of the enamel creating a 
subsurface carious lesion, which may appear as a white spot on the tooth.20-24 Remineralization 
occurs when there is a high concentration of calcium and phosphate ions thus restoring calcium 
and other minerals to the pre-carious lesion and stopping the disease process.25 This process of 
demineralization and remineralization occurs throughout the day, eventually leading to either 
cavitation of the tooth or repair and reversal of the carious lesion.  
2.1.3.1 Microbiome in Dental Caries 
The human oral cavity contains various microorganisms, which are rich in diversity and 
number. The term microbiome was put forward by Joshua Lederberg to refer to a “group of 
microorganisms living in a certain habitat” and “metagenome” refers to the genomes of all 
microorganisms inhabiting a particular habitat.26,27 The oral microbiome contains various 
microorganisms including viruses, fungi, and bacteria.26 To date, the expanded Human Oral 
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Microbiome Database (EHOMD) holds information on 770 microbial species that have been 
identified in the human aerodigestive tract, which includes the oral cavity.28 The bacteria in the 
oral cavity have the ability to become a biofilm on the surface of the teeth, such as plaque. Again, 
the presence of plaque and other types of biofilms on the tooth surface make teeth susceptible to 
dental caries.21 However, the presence of a biofilm alone is not sufficient to start the caries process, 
rather the ingestion of carbohydrates or sugars is necessary.20-23  
Progress has been made in understanding the biofilms responsible for the dental caries 
process. The identification of streptococci bacteria in carious lesions had a significant impact on 
the field in the 1960s to 1970s.29 It is believed that Streptococcus mutans is essential for the 
initiation of the caries process and Lactobacilli is also required for the carious lesion to form.24,30 
S. Mutans and Lactobacilli produce organic acids, such as lactic acid, acetic acid, formic acid, and 
propionic acid.31 These acids have all been shown to dissolve tooth enamel and dentin by breaking 
down calcium phosphate stored in the tooth.31,32 Lactic acid is especially prolific at dissociating 
calcium phosphate, which in turn quickly lowers the pH allowing the different acids to diffuse 
quickly into the enamel and/or dentin. If the demineralization process is not stopped or reversed 
through remineralization, a carious lesion will form. Newer studies have identified other bacteria 
found in carious lesions or in individuals with a high caries burden: Streptococcus sobrinus, other 
mutans Streptococci, Selenomonas species, Neisseria species, and three species of Veillonella to 
name a few.33-42  
2.1.3.2 Environmental and Behavioral Factors in Dental Caries 
Caries formation is also influenced by environmental and behavioral factors. This includes 
an individual’s dietary choices, eating behaviors, and family socioeconomic status. One of the 
most significant contributing factors to dental caries, is an individual’s eating habits. Studies have 
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demonstrated that children who consume cariogenic foods or drinks between meals and before bed 
have a higher rate of caries compared to children the same age who do not have these eating 
behaviors.43,44 A study by Marshall et al. found regular soda pop ingestion between the ages of 1 
and 5 years old, was the strongest predictor for the extent of caries.45 Furthermore, regular soda 
pop and regular drinks made from powder are more strongly associated with caries risk compared 
to juice drinks including 100% fruit juice.45 The consumption of foods and drinks high in sugar is 
not the only risk factor for caries, but when an individual consumes such foods and drinks at a high 
frequency, they are put at increased risk for caries.43,46,47 The increase in frequency of consuming 
high sugar foods and drinks can result in the pH of the oral cavity remaining acidic, which provides 
a cariogenic environment.43 Nonetheless, the dental caries process is continuous and the effects of 
sugar consumption at a young age may not present until the child is older. This is supported by 
rates of dental caries in primary dentition increasing as individuals age.48-51 
Additionally, individuals who brush their teeth infrequently are at a greater risk for the 
incidence of new carious lesions compared to those who brush more frequently.52,53 However, 
there have been inconsistencies between the association of oral hygiene habits and caries. This 
could be due to self-reported tooth brushing data which is not indicative of the quality or 
effectiveness of an individual’s brushing ability. Also, assessing the effectiveness of toothbrushing 
on its own has proven difficult because fluoridated toothpaste is often used in tandem. However, 
research does support the regular use of fluoridated toothpaste in protecting against caries.52,54-56 
A child’s social environment also has an impact on their oral health. For example, caries is 
more prevalent in lower socioeconomic statuses when compared to higher socioeconomic status.57-
61 Socioeconomic status (SES) is generally measured by income, education, and occupational 
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position or level.62  The impact of the family environment is discussed further in the sections 2.3.1 
and 2.3.2 and is the major focus of the current study.  
2.1.3.3 Genetics of Dental Caries 
Environmental and behavioral factors related to dental caries may be the most apparent in 
the disease process; however, the genetic component should not be disregarded. Individuals with 
similar environmental exposures display different amounts of susceptibility to dental caries, which 
indicates a genetic component of the disease. Twin and family studies have illustrated the genetic 
contribution with estimated heritability rates between 40-70% and heritability is greater in the 
primary dentition.63-65 Despite recognizing the importance of genetics, specific genes are not yet 
well known or understood. Shaffer et al. performed the first genome wide association study 
(GWAS) on the primary dentition and while it did not find any statistically significant single 
nucleotide polymorphisms (SNPs), it did find three loci which were suggestive of association: 
1q42-q43, 11p13, and 17q23.1.66 Other GWAS studies have been done; however, not much 
overlap exists between findings, implying there is still much to be learned about the genetics of 
dental caries. In addition to GWAS studies, researchers have begun to explore the possible 
relationship between known genes and dental caries risk. A study by Wendell et al. investigated 
markers within taste pathway genes for associations with dental caries.67 A significant association 
of the GGC nucleotide substitution in TAS2R38 gene conferred protection against caries in the 
primary dentition. Individuals with this substitution are characterized as “supertasters” (bitter 
sensitivity). This result was further supported by associations with the haplotypes GGC, GGX (X 
being any nucleotide), and XGC in TAS2R38, which also conferred protection against dental 
caries.67 The opposite haplotypes CAT and CAX were associated with caries risk and individuals 
with these changes are known as “non-tasters” (bitter insensitivity).67 The results of this study 
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emphasize the importance of understanding the role taste preference plays in dental caries and how 
it could contribute to more effective intervention strategies based on taste preferences.67 Research 
has also explored the possible relationship between gene-by-sex interactions and the dental caries 
process. A study which looked into this relationship found that the amount of influence genes have 
on the primary dentition does vary between males and females, while different sets of genes 
altogether may influence the permanent dentition in the sexes.68 The study by Shaffer et al. served 
to fill gaps in GWAS literature with its results suggesting the “missing heritability” could be due 
in part to gene-by-sex interactions.68  
2.1.3.4 Prevention of Dental Caries 
Despite being an ongoing process, dental cavities can be prevented. Early epidemiological 
studies found an inverse relationship between fluoride exposure in drinking water and caries 
prevalence.69 The most well-known caries prevention strategy is fluoridated water programs. Due 
to the success at reducing dental caries, fluoridated water was named one of the ten greatest public 
health achievements of the 20th century.70 According to the CDC, drinking fluoridated water 
strengthens teeth and reduces caries by about 25% in both children and adults.70 As of 2014, 66.3% 
of the United States population receives fluoridated water.71 Fluoride works to reduce caries at 
different time points of tooth development. During enamel formation, fluoride ions are 
incorporated at low levels making the enamel more stable and therefore improving enamel’s 
resistance to acids.10 After tooth eruption, fluoride ions can still be incorporated into the enamel 
by replacing or substituting hydroxide molecules that are lost as a result of demineralization.10 The 
application of topical fluoride is an effective approach to quicken the remineralization process and 
stop the progression of carious lesions.10,20  
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Overall, fluoride has the ability to act as an inhibitor to acid-mediated demineralization 
when the pH in the oral cavity becomes more acidic (decreases) and as a promoter of 
remineralization when the pH becomes more basic (increases).72 During demineralization it 
restores the concentration of calcium and phosphate ions.10,72 However, there is a limitation to the 
positive effects of fluoride on enamel. Once the outer layer of enamel is lost, it cannot be restored 
through remineralization and the tooth will require restoration.  
In addition to using fluoridated toothpaste, the American Dental Association (ADA) and 
the Centers for Disease Control (CDC), recommend brushing teeth twice a day.2,73 Toothbrushing 
is a mechanical method of removing plaque. However, many studies have found patients of various 
ages are not able to remove plaque effectively.74-77 Additionally, the ADA recommends the use of 
dental sealants on all primary and permanent molars of all children and adolescents.78 Sealants 
reduce the risk of caries up to 80% for two years when placed on permanent molars compared to 
having no sealant at all.79 Despite the effectiveness of dental sealants, studies have shown they are 
still underused. In the United States, dental sealant prevalence in children and adolescents aged 5 
to 19 living below 200% of the poverty level was only 20-22% compared with 32% for children 
who were living at or above 200% of the poverty line.80 Furthermore, a study done in the 
Appalachian region found dental sealant usage on select permanent teeth in children aged 5 to 17 
years old was greater than the national rate, however, the rate of caries in these children were still 
higher than the national average.81 Results such as these, raise the question of what else could be 
contributing to the high caries rates in children.  
Saliva can also act to prevent dental caries. Saliva plays a vital role in the maintenance of 
the oral cavity; it is needed to maintain the oral mucosa tissues and the teeth.82  Because it contains 
bicarbonate, saliva acts as a buffer to restore the pH in the oral cavity making the environment less 
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acidic and less cariogenic.83 When the pH of the oral cavity is no longer acidic (above 5.5), the 
saliva and plaque are super saturated with ions that can begin to repair the damage caused by 
demineralization.84 Furthermore, the stimulation of saliva flow increases the washing out of acids 
and increases the quantity of bicarbonate buffer and ions involved in the remineralization process. 
Consistent with this fact, research has found that individuals who have a decreased flow rate of 
saliva are associated with an increased caries risk while those who have a high flow rate are at a 
reduced risk.82,85,86 
2.1.4  Epidemiology of Dental Caries in Children and Adolescents 
2.1.4.1 Prevalence 
Dental caries continue to be a silent epidemic for both developing and industrialized 
nations alike. According to the World Health Organization (WHO), dental caries affects 60-90% 
of school aged children and the majority of adults in industrialized nations.87 The rate of caries in 
developing nations remains relatively low; however, it is predicted to rise as consumption of 
processed and sugary foods becomes more common in these countries.87 Particular attention has 
been given to children who are significantly affected by dental caries. Dental caries in children is 
five times more common than asthma and seven times more common than hay fever.1 According 
to the National Health and Nutrition Examination Survey (NHANES), the prevalence of total 
dental caries, both treated and untreated, in children aged 2-19 years in the United States in 2015-
2016 is 45.8%.9 The prevalence of dental caries did increase with age with it being 21.4% in 
children aged 2 to 5 years old to 50.5% in children aged 6-11 years old to 53.8% in children aged 
12-19 years old.9 On a global scale, research has shown approximately 50% of preschool aged 
children from various countries have experienced dental caries.88 
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However, the distribution of dental caries in children is not even throughout populations. 
According to the NHANES survey, dental caries (treated and untreated) were the highest among 
children of Hispanic descent at 57.1% compared to 40.4% in non-Hispanic Caucasian children in 
the United States. Furthermore, the prevalence of untreated dental caries was the highest in non-
Hispanic Black children at 17.1% compared to Hispanic children at 13.5% and non-Hispanic Asian 
children at 10.5%.9 A cross-sectional study examined racial and ethnic differences in dental caries 
experiences among children in kindergarten in North Carolina. The study found 51.7% of Hispanic 
children and 39% of Black children had experienced dental caries by the time they enrolled in 
kindergarten compared to 30.4% of Caucasian children.89 The study also completed multi-level 
regression models and after controlling for other variables, Hispanic children were 1.57 times more 
likely to have experienced dental caries than Caucasian children.89 Black children were 1.23 times 
more likely to have experienced dental caries when compared to Caucasian children.89 High 
prevalence rates of dental caries amongst children of ethnic minority groups have likewise been 
seen in other parts of the world. A cross-sectional study done in the Netherlands found children 
from other ethnic backgrounds had higher dmft indices compared to native Dutch children.90 The 
dmft index stands for decayed, missing, and filled teeth. Dmft being written in lower-case letters 
means only the primary dentition is being considered. Moreover, these ethnic and racial disparities 
still exist amongst adults. A study by Delgado-Angulo et al. found ethnic disparities in adults, even 
when controlling for location and environmental exposure.91 The study selected adults who lived 
in  a deprived region of the United Kingdom and found ethnic disparities for lifetime caries 
experience.91 Asian adults had 42% lower DMFT scores compared to Caucasian adults.91 Black 
adults had 45% lower DMFT scores compared to Caucasian adults.91 Again, DMFT stands for 
decayed, missing, and filled teeth. DMFT being written in upper-case letters means only the 
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permanent dentition is being considered. This study also found significant differences within 
ethnic groups. For example, Caucasian East Europeans had 22% higher DMFT indices compared 
to Caucasian British adults.91 This suggests other factors contribute to the differences in dental 
caries experience.91 Disparities also exist by income level. The prevalence of both treated and 
untreated dental caries increased from 34.8% for children whose family income level is greater 
than 300% of the federal poverty level to 56.4% for children whose family income was below the 
federal poverty line.9 
Adolescence, defined as the period between 10 and 19 years old, is a crucial time period in 
an individual’s life. This time period typically involves adolescents becoming more independent 
from their parents, which can cause changes in behaviors including oral hygiene habits. As the 
adolescent develops their own independent behaviors it can impact their oral health and well-being 
both for the short- and long-term. Research has shown that caries rates remain high in 
adolescence.9,80 This increase in caries may be due to environmental factors such as oral hygiene 
being a low priority for the adolescent, dietary choices, or the choice to avoid dental care.92 For 
these reasons, it is important to gain a better understanding into the mitigating and inciting factors 
of dental caries in adolescents.   
2.1.4.2 Impact on Childhood and Adolescent Quality of Life 
The impact of dental caries on children is long reaching. One area of particular significance 
is academic performance. A national study which utilized data from the National Health Interview 
Survey data found that 117 school hours are lost per every 100-school-aged-children because of 
dental problems or visits.93 A study that focused on disadvantaged children in the Los Angeles 
County school district, found a total of 16,431 school days were missed each year due to dental 
problems.3 This is “equivalent to 58 school hours missed each year per 100 elementary school-
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aged children and 80 school hours missed each year per 100 high school-aged children”.3 Children 
missing school hours is significant because it may have impact on their academic achievement and 
their social relationships/interactions. A study done on school aged-children in Brazil found that 
children with dental caries or children who had experienced dental trauma had lower mean school 
performance than other children.58 A study conducted on children from North Carolina’s Child 
Health Assessment and Monitoring Program, also found a significant relationship between poor 
school performance and absences related to dental pain or infection.94 In this study, 1,049 school 
days were missed by their study population of 2,120 children due to any dental care reason.94 It 
was further elucidated that 17.3% of the days were specifically due to dental pain or infection.94 
Additionally, children with good, fair, or poor oral health were nearly 3 times more likely to miss 
school as a result of dental pain compared to those children with very good or excellent oral 
health.94 Furthermore, a relationship between poor school performance and poor oral health 
independent of school attendance was determined.94 A child experiencing poor oral health may 
have a more difficult time concentrating and performing in school compared to a child who has 
good oral health.  
Caries can also have a negative impact on a child’s overall quality of life.95-97 Children may 
experience a variety of physical and emotional issues. Studies have shown that dental caries impact 
functions that are needed for overall quality of life such as sleeping, normal social activities, 
talking, and overall good general health.95,97 However, a study done by Feldens et el., found that 
adolescent quality of life was impacted only when dental caries went untreated.98 Two other studies 
of adolescents found similar results, while another study found the opposite to be true.99-101 Pain 
is a common theme when interviewing children about their experience with dental caries.95 Pain 
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not only causes difficulties while eating but may result in a language delay due to restricting facial 
movement.44 
2.2 Family Environmental Factors and Functioning – the Example of Childhood and 
Adolescent Obesity 
The term family can be defined many ways depending on its societal meanings. Generally, 
family refers to individuals related by marriage, ancestry, adoption, or choice.102 An individual’s 
family serves as a primary source of social support and has influence of their health and well-
being.102 The family environment, which includes composition of the home, parenting style, 
socioeconomic status, parental habits, and family functioning, has been linked to health outcomes 
in children.103-106 Due to the influential role families have over their child’s long-term health 
outcomes, research is trying to gather a stronger understanding of the relationship between the 
family and health outcomes.  
2.2.1  Family Environmental Factors 
As previously mentioned, the family environment is composed of many different factors 
including composition of the home and caregiver characteristics. For the purpose of this document, 
family functioning will be discussed in a later section and the influence of the family environment 
will be limited to a specific example and its effect on child and adolescent health outcomes. The 
specific example was chosen due to its similarities to dental caries. The relationship between SES 
and childhood obesity is explored below. Eating habits, much like oral health habits, are shaped 
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within the context of the family environment. Because of this, and obesity being a multifactorial 
and largely preventable disease, it is similar to the dental caries disease process.  
The family’s SES is one of the most well understood and thoroughly researched aspects of 
the family environment. SES is a measured or self-reported value that is meant to be reflective of 
the social and economic status of the household. The concept of the social gradient refers to 
observation that individuals with the lowest SES have worse health outcomes while individuals 
with higher SES have better health outcomes.107 This social gradient is present in obesity risk for 
children and adolescents. A study by Fradkin et al. examined the association between SES and 
obesity risks in 4,824 participants aged 10 to 13 years old from diverse racial and ethnic groups in 
the United States.105 The study found an inverse relationship between SES and obesity risk in this 
population when race and ethnicity was not included.105 However, the risk was not consistent when 
looking within ethnic groups. For example, they found no difference in risk for obesity with SES 
in African American individuals. However, within the Hispanic study population a higher SES 
reduced the risk of obesity.105 The NHANES survey on obesity and SES in children and 
adolescents from 2005-2008 found similar findings as the Fradkin et al. study.108 The study found 
children and adolescents who are part of low-income households are more likely to be obese than 
children and adolescents at higher income statues, however, these findings too were not consistent 
across race and ethnic groups.108 Although, these health issues are less directly related to dental 
caries, higher infant mortality rates, higher rates of depression and anxiety among adolescents, and 
higher rates of behavior and emotional difficulties, among others, have been liked to lower SES.109-
111 
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2.2.2  Family Functioning Factors 
Family functioning is an important component of a family’s unique environment. Family 
functioning refers to the structural organization of a family and the relationships between 
individuals.102 This includes emotional, physical, and psychological activities between family 
members. According to the family systems theory, the family is an emotional unit and a single 
individual cannot be understood in isolation.102 Furthermore, each family member helps to shape 
the other. This means family functioning has a global influence, affecting things such as decision 
making, communication, and day-to-day problem solving. While each family is unique, certain 
characteristics can be used to assess every family’s health and level of family functioning through 
assessment tools focused on capturing the unique relationships and patterns of a family.  
Family functioning assessments can either be observational survey tools (e.g. the Family 
Health Scales and the Beavers Interactional Competence Scale) or self-report questionnaires (e.g. 
the McMaster Family Assessment device, the Beavers Self-Report Family Inventory, and the 
Family Assessment Measure), each having its own strengths and limitations based on the 
perspective or each tool.102 Assessment tools have the ability to investigate the family at different 
levels such as the general or global scale or within dyadic relationships such as marital/partner 
relationships, sibling relationships, and/or parent-child relationships.102 Evaluating the family on 
various levels allows for a richer look into family functioning. Furthermore, these tools evaluate 
the family using different dimensions and while they do not all assess the same dimensions the 
majority assess: communication, problem solving ability, organization, and affective 
environment.6 
A family with “functional” (healthy) family functioning would display clear 
communication, demonstrate well-defined family roles, and be cohesive allowing them to achieve 
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family goals and tasks.6,102 In contrast, a family with “dysfunctional” (unhealthy) family 
functioning would display ineffective communication, have high levels of conflict, and have poor 
affective and behavioral control causing them to struggle to achieve family goals and tasks.6,102 
Family functioning has become a topic of public health due to its implications in childhood health 
and well-being. The influence of family functioning on childhood health can be explored using the 
overall score of family functioning or by looking at specific dimension scores. Both methods have 
value allowing researchers to better understand the influence of the family environment and 
therefore create more effective health intervention strategies.  
For the purpose of this thesis, the Family Assessment Measure was used. This is a self-
report model based on the process model of family functioning.112 It focuses on the interaction 
between family functioning dimensions, which include task accomplishment, role performance, 
communication, affective expression, involvement, control, values and norms.112 Definitions for 
these terms can found in Appendix A of this document.  
2.2.2.1 Current Understanding of the Impact of Family Functioning on Childhood and 
Adolescent Obesity  
Most research on family functioning has been centered around chronic and often life-
threatening diseases. Furthermore, families of affected children are most commonly assessed with 
the goal of better understanding how the disease impacts family relationships. Due to these being 
chronic conditions, it would be expected for family functioning to be negatively impacted, 
however, it is difficult to prove this as prospective studies are often not possible. For the purpose 
of this thesis, family functioning research will be limited to the specific example of childhood and 
adolescent obesity. Again, this disease was selected due to the similar role parents or caregivers 
play in the formation of healthy habits for their children. Understanding how family functioning 
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impacts the eating habits children form, may allow for a more global understanding of how family 
functioning impacts a child’s health. This too could allow for more effective intervention strategies 
aimed at targeting the family dynamic.  
Berge et al. explored the relationship of family functioning and eating behavior in 
adolescents in the Minneapolis and St. Paul metropolitan area of Minnesota.113 The study included 
2,793 adolescents with a mean study population age of 14.4 years.113 Amongst adolescent girls, 
higher family functioning was significantly associated with more frequent breakfast consumption 
and more frequent family meals after controlling for age, SES, and ethnicity/race.113 Additionally, 
higher family functioning was associated with a greater daily intake of fruits and vegetables and 
lower BMI z scores.113 In adolescent boys, higher family functioning was also associated with 
more frequent family meals after controlling for age, SES, and ethnicity/race.113 It did not find a 
significant association between higher family functioning and servings of fruits and vegetables or 
BMI z scores.113 However, a study conducted on children between the ages of 4 and 12 years-old 
living in the state of Victoria, Australia found a relationship between eating habits and poor family 
functioning in both boys and girls.114 It found poor family functioning to be associated with 
inadequate fruit and vegetable intake in both sexes.114 In addition to poor eating habits, studies 
have found an association between the perception of poorer family functioning and obesity rates 
in children.115-117 Another study focused on adolescents found an association between better family 
functioning and the consumption of a healthier diet.118 A better understanding of how family 
functioning impacts a child’s behaviors and habits has the potential to lead to more effective 
interventions to benefit children.  
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2.3 Family Environmental Factors and Functioning in Dental Caries 
Dental caries is a multifactorial disease, which means it has a multitude of contributing 
factors including an individual’s family and family environment. As with the diseases summarized 
above, the family plays a role in the dental caries disease process. With respect to preventing the 
disease process, family members play a significant role in the creation of daily habits for children, 
including oral health maintenance. In the context of managing and treating the disease, family 
members help to provide dental health services for their children and support positive daily habits. 
As dental caries continues to plague the majority of the world’s children, researchers should look 
beyond conventional risk factors and explore new disease mediators such as family functioning.  
2.3.1  Family Environmental Factors 
It has long been known that the family environment impacts a child’s oral health status. 
Oral health behaviors, such as twice daily tooth brushing and flossing, are established and 
promoted by a child’s parent(s) or caregiver(s). The child will learn and adopt health-related 
attitudes and behaviors as their own through a process known as primary socialization.119 These 
habits are created early on in a child’s life subsequently creating a crucial role for the child’s 
family. Researchers continue to explore the relationship of the family environment with caries 
from various viewpoints, including caregiver characteristics some of which are related to SES. For 
example, studies have elucidated a relationship between parents with lower occupation levels and 
higher prevalence rates of caries in young children.57,61,120 Lower occupation levels were defined 
as blue collar occupations versus white collar57,61,120 or employee/non-professional or unemployed 
versus employer/professional.61  Moreover, lower family income is associated with higher 
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prevalence and severity of dental caries in children.57-59,121-124 A parent’s education level is also 
linked to a child’s oral health outcome. Children of parents with lower education levels were seen 
to have higher risks for dental caries compared to children of parents with higher education 
levels.58,60,61,122,125-128 This association was seen regardless if both parents were assessed or just 
one.61,125,128 
Caregiver characteristics specific to mental health, well-being, or psychosocial attributes 
have been implicated in child oral health outcomes. A study by Al-Jewair and Leake explored the 
association between parental or caregiver depression and the presence of early childhood caries 
using a study population previously collected by the Toronto Perinatal and Child Health Survey.121 
The study found children with parents or caregivers who suffered from depression had 
significantly higher prevalence rates of early childhood caries compared to children whose parents 
or caregivers were not affected by depression.121 A cross-sectional study of 235 children under 6 
years of age and their parents showed a statistically significant positive correlation between a 
parent’s experience with depression and anxiety and the prevalence of dental caries in the child.129 
A cross-sectional study by Dos Santos Pinto et al. found the presence of maternal depression 
disorder increased the chance of the mother’s child exhibiting caries.130 
Moreover, a caregiver’s oral health status has been explored to see if a relationship exists 
between the two and in fact, a number of studies have found a correlation. A study by Kawashita 
et al. conducted a cross-sectional study on children 3 years of age, with and without dental caries, 
and their caregivers.131 It found that a child’s def (decayed, extracted, and filled teeth) score was 
positively correlated to the mother’s DMFT.131 Another study by Bhat et al. looked at children 3-
5 years old and found a positive correlation between maternal DMFT and a child’s caries 
prevalence.132 Furthermore, a statistically significant relationship between history of dental 
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problems in parents and the dmft score of their children was found, along with a significant 
relationship between the amount of plaque a child has and their parent having a history of dental 
problems.133 
It is important to consider the oral health behaviors of parents because they are reflected in 
their own oral health statuses and parents are responsible for establishing a child’s behaviors. A 
study done on children aged 8 to 12 years old in suburban Nigeria, found the odds of a child 
brushing their teeth two or more times a day increased by over 21-fold when their mother brushed 
their teeth twice a day or more.119 Furthermore, if the mother used fluoridated toothpaste, the odds 
of the child doing the same increased by 39-fold.119 Other studies have found a relationship 
between parental toothbrushing habits and a child’s oral health. For example, if a mother brushed 
her teeth irregularly, an association was found with her child’s dmft being greater than 0.134 The 
same association was found with a child’s dmft score when the father brushed his teeth 
irregularly.134 Another study revealed a significant relationship between a parent’s frequency of 
tooth brushing and a child’s frequency of tooth brushing, which is expected since children learn 
oral health behaviors from their parents.133 
Beyond characteristics of caregivers, the influence of family structure on dental health has 
been explored. A descriptive cross-sectional study by Wellapplu and Amarasena found statistically 
significant relationships between different aspects of family structure and caries experience.135 For 
example, individuals who belonged to families with more than 2 children had significantly higher 
mean dmft compared to children who belonged to families with 2 or less children.135 A similar 
study has also observed higher rates of caries in children who live in crowded houses.136 Moreover, 
birth order and the age of parents when a child is born have been associated with dental caries 
experience.135  
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2.3.2  The Current Understanding of Family Functioning and Dental Caries 
As described above, the majority of studies have focused on attributes related to the parent 
or caregiver such as cognitive level and psychosocial attributes. However, researchers have not 
fully explored the relationship of dental caries with family functioning. A study by Duijster, 
Verrips, and Cor van Loveren aimed to “evaluate the association between family functioning 
dimensions and childhood dental caries in a sample of 5- to 6-year-old children in the 
Netherlands”.137 This study used the Gezinvragenlijst (Family Questionnaire), which is a validated 
family functioning assessment tool.137 The Gezinsvragenlijst assesses family functioning through 
five dimensions: communication, organization, partner-relation, responsiveness, and social 
network. The study found children from families with normal scores for communication, 
organization, responsiveness, and social network had significantly less dental caries than children 
from families with subclinical and/or clinical scores in these dimensions.137 The children with 
these same subclinical or clinical scores were found to engage in less favorable oral hygiene 
behaviors than those from normal functioning families.137 A study by Renzaho and de Silva-
Sanigorski examined the association between a child’s (aged 1-12 years-old) oral health and 
certain aspects of the home environment including family functioning.138 The authors concluded 
the odds of a child having good oral health were lower as parental psychological distress and poor 
family function increased.138 This relationship was found across all age groups.138  
In summary, there is a link between the family environment and a child’s risk for dental 
caries. Although, progress has been made to reduce the burden of dental caries, it still remains a 
persistent public health issue, which only shows the importance of investigating potential 
influencing factors. It is important to note, for the scope of this study, family functioning 
dimensions were limited to: task accomplishment, communication, involvement, control, and 
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values and norms. These dimensions were selected for based on the research by Duijster et al., 
which suggested domains of involvement, control, organization, communication, and parenting 
style be assessed.4 By looking more into family functioning and its potential relationship to caries 
in adolescents, we can better understand the complex relationship between the two with the 
purpose of creating more effective public health interventions.  
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3.0 Manuscript 
3.1 Background 
Dental caries impacts the majority of the world’s children and adults.87 Considered a 
multifactorial disease process, great strides have been made to understand its different 
components, which include environmental, genetic, and behavioral factors. One necessary 
component for the disease process to occur is the consumption of carbohydrates or sugars.20 When 
these are broken down by the biofilms in the oral cavity, it causes a shift in the pH making the 
environment cariogenic.20-23 The enamel of the tooth can be demineralized in this environment 
leading to a precarious lesion.20-24 If the lesion is not repaired through remineralization, the process 
of restoring calcium and other minerals, then cavitation will occur and the tooth will require 
repair.25 Despite making progress in reducing the prevalence of dental caries through public health 
interventions such as public water fluoridation, caries remain the most common chronic childhood 
disease.2,9,70 
3.1.1  The Family Environment and Dental Caries 
Research efforts have focused on understanding the impact of the family environment on 
oral health outcomes. For example, toothbrushing is one of the first independent tasks a child 
performs on his or her own, which means caregivers are vital in creating and reinforcing this habit. 
Furthermore, research has examined the oral health behaviors of parents and its relationship to 
their child’s behaviors. A study found the odds of a child brushing his/her teeth two or more times 
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a day increased by over 21-fold when his/her mother practiced this same habit.119 Additionally, if 
the mother used fluoridated toothpaste, the odds of the child having the same practice increased 
by 39-fold.119 Another study found a significant relationship between the frequency of parental 
toothbrushing and the frequency of toothbrushing in their children.133 These study findings are not 
surprising when it’s known that dental hygiene habits are shaped within the context of the family. 
Another aspect of the family environment that has been studied in association with dental caries is 
socioeconomic status (SES). Studies have found an association between lower family income and 
higher prevalence rates and severity of dental caries in children.57-59,121-124 Another dimension of 
SES is occupation and studies have shown young children whose parents have blue collar 
occupations or are unemployed have higher prevalence rates of caries.57,61,120  
3.1.1.1 Family Functioning and Dental Caries 
Family functioning is another component of the family environment; however, it has not 
been fully explored in the context of oral health. Family functioning refers to how a family 
organizes itself and also involves its interpersonal and intrapersonal relationships.102 Research has 
explored the link between family functioning chronic diseases such as childhood obesity.115-117 For 
example, a study explored the relationship between family functioning and eating habits of 
children and found poor family functioning to be associated with inadequate fruit and vegetable 
intake.114 As with other health conditions, assessing the relationship between family functioning 
and childhood dental caries has the potential to inform future intervention strategies. By 
understanding how families work together to accomplish tasks, it is possible to create more 
personalized intervention strategies that result in more effective dental caries prevention. In order 
to explore family functioning, a variety of assessment tools have been created which include both 
observational and self-assessment tools.102  These assessment tools can vary on the dimensions of 
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family functioning they assess; however, the majority assess communication, affective 
environment, organization, and problem-solving abilities.6 In this study the Family Assessment 
Measure was used to examine the following dimensions: task accomplishment, communication, 
involvement, control, and values and norms.112,139 We hypothesize that these family functioning 
dimensions affect the number of dental caries in adolescents. Two dimensions assessed by the 
FAM – affective expression and role performance – were not examined in this analysis.  
3.2 Methods 
This study was reviewed and approved through the University of Pittsburgh Institutional 
Review Board (IRB) and West Virginia University IRB. IRB approval letters can be found in 
Appendix B. Informed consent was obtained for study participants.    
3.2.1  Study population 
The data analyzed for this thesis were previously collected by the Center for Oral Health 
Research in Appalachia (COHRA) as part of the first research cohort (COHRA1). COHRA is a 
collaboration between the University of Pittsburgh and West Virginia University.139 COHRA1 
recruited families living in the Appalachian region from 2002 and 2009. The Appalachian region 
consists of 13 states: Alabama, Georgia, Kentucky, Maryland, Mississippi, New York, North 
Carolina, Ohio, Pennsylvania, South Carolina, Tennessee, Virginia, and West Virginia.140 The 
Appalachian region is unique when compared to the rest of the United States because 42% of the 
Appalachian population is rural, compared to 20% of the national population.140 Residents of this 
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region are impacted more by caries and other oral diseases than many other areas in the United 
States.81 With the Appalachian population having some of the worst oral health indicators, the 
COHRA project was created to gain a greater understanding of the region’s unique and shared risk 
factors for oral disease.139 In order to be eligible for the COHRA1 study, at least one child-parent 
pair had to reside within the home and the child had to be between the ages of 1 and 18 years-
old.139 Households were recruited from Webster and Nicholas counties in West Virginia and 
Allegheny, Washington, and McKean counties in Pennsylvania.139 Several study variables were 
collected from study participants, including microbiology samples, standardized caries screenings, 
and self-report forms.139 Information on the complete COHRA1 study methods are outlined by 
Polk et al.139  
Specific data used for this thesis project were chosen based upon a child’s eligibility to 
complete the Family Assessment Measure. According to the study protocol, children under the age 
of 11 were not provided the Family Assessment Measure and were therefore not included in this 
study.139 Family Assessment Measure scores were requested for children between the ages of 11 
and 17 years. Additionally, three sections of the Family Assessment Measure were used to gain a 
greater understanding of the family environment: General, Self, and Dyadic. For each section, the 
adolescent’s answers were used for analysis. The mother’s responses for the dyadic relationship 
with her child were also included. Each section of the Family Assessment Measure was analyzed 
separately. The study population was further refined using the method outlined in Figure 1. 
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Figure 1. Refinement of the Family Assessment Measure Surveys for Analyses 
3.2.2  Family Assessment Measure 
The Family Assessment Measure is a self-report tool used to assess family functioning. It 
is based on the Process Model of Family Function, which examines family functioning from a 
family systems approach.112 The focus of the Process Model is on the family’s ability to 
accomplish various tasks and it does this by assessing seven constructs or dimensions related to 
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the family unit: (1) task accomplishment, (2) role performance, (3) communication, (4) affective 
expression, (5) involvement, (6) control, and (7) values and norms.112 The Family Assessment 
measure was developed to assess these seven dimensions. It consists of three that assess family 
functioning on different levels within the family: General, Self, and Dyadic.112 The General section 
focuses on the whole family as a system and consists of 50 questions.112 The Self section assesses 
an individual’s perception of his or her own functioning within the family and consists of 42 
questions.112 The Dyadic section assesses specific relationships or dyads within the family and 
also has 42 questions.112 For each section, the individual reads a statement and rates it on a four-
point scale (1 = strongly agree, 2 = agree, 3 = disagree, 4 = strongly disagree).112 A raw score was 
generated for each dimension by a member of the COHRA research team. The raw score for each 
dimension in the General section ranges from 0 to 15 and from 6 to 24 for the Self and Dyadic 
sections. Lower scores indicate better family functioning; however, these scores have not yet been 
transformed to their standard score values and therefore cannot be compared to outside populations 
or characterized as normal, subclinical, or clinical.112 For the purpose of this thesis, the scores are 
analyzed in their raw form.   
3.2.3  Caries Screening Exam 
A standardized caries screening was performed by COHRA1 research staff members, one 
being either a dentist or dental hygienist.139 The coronal surfaces of each tooth were assessed for 
the presence of dental carries and classified as either sound, decayed, filled, or missing.139 For the 
purpose of this thesis, a total DMFT (decayed, missing, and filled teeth) index was used, which 
includes both the primary and permanent dentition. For more information on how the caries 
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screening was completed and the calibration of research staff members, please see the study 
protocol by Polk et al.139 
3.2.4  Data Acquisition 
Once approved, the COHRA1 data request was sent to the data management team. Only 
the data necessary for this thesis were compiled along with the appropriate data dictionaries. Data 
dictionaries include relevant information such as coding definitions, questions asked for the Family 
Assessment Measure, and scoring algorithms used for the Family Assessment Measure. A 
deidentified data set was provided for analysis.  
3.2.5  Data Analysis 
The three sections of the Family Assessment Measure were analyzed separately. Linear 
regression models were used to test the relationship between an adolescent’s DMFT index and the 
different family functioning dimensions. Models were run using the family functioning dimensions 
as the predictors for the dependent variable (i.e. total DMFT). Each dimension was analyzed 
individually, both with and without adjustment for covariates of sex, age, site, and race/ethnicity. 
These covariates were selected for due to differences seen in previous studies.9,48,51,57,59-61,68,89,91,141 
For the purpose of data analysis, race and ethnicity was collapsed into two groups: Caucasian and 
Other. This decision was made because there was only a small number of individuals who did not 
identify as Caucasian; however, complete race and ethnicity information for each section of the 
Family Assessment Measure can be found in Table 1, Table 3, and Table 5 below. The linear 
regression models were performed in STATA.142 Missing values were present in each section of 
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the Family Assessment Measure and therefore not all individuals were included in the analyses 
(see Figure 1). Leverage-versus-residual-squared plots were generated along with Cook’s distance 
to investigate outliers and influential data points in order to refine the regression models. To control 
for familywise error rate the Bonferroni correction (α/n, where n is the number of statistical tests) 
was applied making the alpha level 0.00125 for study-wide significance.143 The Bonferroni 
correction will control for the increase in type I error due to multiple analyses being done on the 
same data set.143 However, it is important to note that this correction reduces type I error (false 
positives) at the expense of type II error (false negatives) and is considered conservative.143 For 
the Dyadic Family Assessment Measure, the level of agreement between adolescent and mother 
was calculated. Agreement was defined as having no difference in the score for the specific family 
functioning dimension.  
3.3 Results 
This study explored the relationship between family functioning dimensions as predictors 
of the amount of dental caries in adolescents. The sections of the Family Assessment Measure 
were analyzed separately and the results from each analysis can be found below in its 
corresponding section.  
3.3.1  Family Assessment Measure – General  
The General Family Assessment Measure included 499 adolescents aged 11 to 17 years 
from COHRA1. A summary of sample characteristics for this portion of the Family Assessment 
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Measure is shown in Table 1. The sample consisted of nearly equal amounts of females (53.71%) 
and males (46.29%). Further, the sample was predominantly Caucasian (84.91%). The majority of 
the sample population was from West Virginia (67.54%). The mean total DMFT index was 3.062 
with a standard deviation of 3.429. The family functioning dimension raw scores were previously 
calculated by the COHRA1 research team and range from 0-15. The distribution of the scores for 
each dimension are shown in Figure 2. The mean scores for the dimensions assessed during the 
analysis were: 6.015 for communication, 4.692 for involvement, 5.945 for task accomplishment, 
6.063 for values and norms, and 6.472 for control.  
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Table 1. Population Characteristics of the General Family Assessment Measure 
Population Characteristic N Mean (SD) or Percent 
Adolescent’s Age 499 13.76 (1.85) 
Adolescent’s Sex   
   Male 231 46.29% 
   Female 268 53.71% 
Adolescent’s Race & Ethnicity   
   Caucasian  422 84.91% 
   Other 75 15.09% 
      African American 63 12.63% 
      Asian 3 0.60% 
      Hispanic 3 0.60% 
      More than one race 6 1.20% 
Household Income   
   <$24,999 210 56.00% 
   >$25,000 165 44.00% 
Site   
   West Virginia  337 67.54% 
   Bradford, PA 25 5.01% 
   Burgettstown, PA 65 13.03% 
   Braddock, PA 72 14.43% 
Total DMFT  
(primary plus permanent dentition) 499 3.062 (3.429) 
Family Functioning Dimensions   
   Communication 477 6.015 (2.578) 
   Involvement 474 4.692 (2.830) 
   Task Accomplishment 475 5.945 (2.394) 
   Values and Norms 473 6.063 (2.680) 
   Control 475 6.472 (2.656) 
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Figure 2. Distribution of the General Family functioning Raw Scores by Dimension 
 
Table 2 summarizes the relationships between the general family functioning dimensions 
and the adolescent’s total DMFT index. No statistically significant relationships were found in any 
of the family functioning dimensions for either the unadjusted or the covariate-adjusted model.  
 
 
 
 
 
 
0
5
10
15
R
aw
 s
co
re
Communication Involvement
Task Accomplishment Values and Norms
Control
36 
 
Table 2. Relationship between Family Functioning Dimensions for the General Family Assessment Measure and 
Total DMFT 
 
  Unadjusted Adjusted 
Dependent 
Variable Predictor 
Beta 
Coefficient 
Standard 
Error 
p-
value 
Beta 
Coefficient 
Standard 
Error 
p-
value 
Total 
DMFT Communication 0.076 0.052 0.106 0.038 0.057 0.484 
Total 
DMFT Involvement 0.082 0.046 0.082 0.012 0.047 0.842 
Total 
DMFT 
Task 
Accomplishment 0.093 0.052 0.048 0.119 0.055 0.030 
Total 
DMFT Values and Norms 0.013 0.050 0.787 -0.027 0.052 0.621 
Total 
DMFT Control 0.109 0.050 0.021 0.144 0.050 0.008 
a Adjusted models include age, sex, race, site, and income.  
Total DMFT includes decayed missing filled teeth for both the primary and permanent dentition. 
 
3.3.2  Family Assessment Measure – Self  
The Self Family Assessment Measure included 488 adolescents aged 11 to 17 years from 
COHRA1. The mean age of the sample was 13.76 and was predominantly Caucasian (84.98%). It 
included a relatively equal number of females (52.87%) and males (47.13%) and the mean total 
DMFT score was 3.035. A complete summary of sample characteristics is shown in Table 3. The 
raw scores for the family functioning dimensions range from 6-24 and the distribution can be seen 
for each dimension in Figure 3. The mean scores for each dimension assessed during the analysis 
were as followed: 12.82 for communication, 12.02 for involvement, 12.55 for task 
accomplishment, 13.39 for values and norms, and 13.39 for control. 
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Table 3. Population Characteristics for the Self Family Assessment Measure 
Population Characteristic N Mean (SD) or Percent 
Adolescent’s Age 488 13.76 (1.853) 
Adolescent’s Sex   
   Male 230 47.13% 
   Female 258 52.87% 
Adolescent’s Race & Ethnicity   
   Caucasian 413 84.98% 
   Other 73 15.02% 
      African American 64 13.11% 
      Asian 2 0.41% 
      Hispanic 1 0.20% 
      More than one race 6 1.23% 
Household Income   
   <$24,999 205 56.32% 
   >$25,000 159 43.68% 
Site   
   West Virginia  331 67.83% 
   Bradford, PA 17 3.48% 
   Burgettstown, PA 64 13.11% 
   Braddock, PA 76 15.57% 
Total DMFT  
(primary plus permanent dentition) 488 3.035 (3.436) 
Family Functioning Dimensions   
   Communication 455 12.82 (2.497) 
   Involvement 460 12.02 (2.438) 
   Task Accomplishment 460 12.55 (2.635) 
   Values and Norms 463 13.39 (2.454) 
   Control 463 13.39 (2.454) 
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Figure 3. Distribution of the Self Family Functioning Raw Scores by Dimension 
 
Statistically significant relationships were found in the univariate analyses and the 
covariate-adjusted analyses for the Self Family Assessment Measure. A statistically significant 
relationship was found between an adolescent’s score for involvement and total DMFT index (p-
value=0.000) in the univariate analysis and remained statistically significant after the model was 
adjusted for age, sex, race, site, and income (p-value=0.000). The dimension values and norms 
was also statistically significant in the unadjusted model with a p-value of 0.000, however, the 
dimension did not remain significant once it was adjusted for covariates. The dimensions 
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communication, task accomplishment, and control were not significant in either model (see Table 
4).  
 
Table 4. Relationship between Family Functioning Dimensions for the Self Family Assessment Measure and Total 
DMFT 
 
  Unadjusted Adjusted 
Dependent 
Variable 
Predictor Beta 
Coefficient 
Standard 
Error 
p-
value 
Beta 
Coefficient 
Standard 
Error 
p-
value 
Total 
DMFT Communication 0.139 0.054 0.004 0.085 0.053 0.127 
Total 
DMFT Involvement 0.184 0.054 0.000 0.220 0.053 0.000 
Total 
DMFT 
Task 
Accomplishment 0.135 0.049 0.005 0.139 0.050 0.013 
Total 
DMFT Values and Norms 0.182 0.055 0.000 0.122 0.059 0.027 
Total 
DMFT Control 0.132 0.051 0.006 0.147 0.049 0.007 
a Adjusted models include age, sex, race, site, and income.  
Total DMFT includes decayed missing filled teeth for both the primary and permanent dentition. 
Bold font indicates a p-value less than 0.00125 
 
3.3.3  Family Assessment Measure – Dyadic 
The Dyadic Family Assessment Measure included 386 adolescents aged 11 to 17 years 
with a mean age of 13.90. The demographics of the mothers are not reported; however, information 
such as income and site are representative of both the adolescent and his/her mother. The majority 
of the study participants was from West Virginia (63.58%) and 82.90% identified as Caucasian. 
The average total DMFT index was 2.864 with a standard deviation of 3.334. The distribution of 
raw scores for the Dyadic family functioning dimensions of the child and mother relationship can 
be seen in Figure 4 and range from 6-24.  A complete summary of sample characteristics is 
provided in Table 5. The adolescent and mother’s family functioning scores were also assessed to 
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determine congruency. 13.17% of the adolescent-mother pairs were in agreement about the 
dimension communication. 48.27% of the adolescents in the study rated communication for the 
dyad worse than the mother and 38.56% of the adolescents rated communication better than the 
mother. Similar proportions were seen for each of the dimensions and can be found in Figure 5 
below.  
 
 
Figure 4. Distribution of the Family Functioing Dimension Raw Scores for the Adolescent-Mother Dyad Pairs 
by Dimension 
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Table 5. Population Characteristics for the Dyadic Family Assessment Measure 
Population Characteristic N Mean (SD) or Percent 
Adolescent’s Age 346 13.90 (1.850) 
Adolescent’s Sex   
   Male 172 49.71% 
   Female 174 50.29% 
Adolescent’s Race & Ethnicity   
   Caucasian 286 82.90% 
   Other 59 17.10% 
      African American 52 15.03% 
      Asian 2 0.58% 
      Hispanic 1 0.29% 
      More than one race 4 1.16% 
Household Income   
   <$24,999 162 54.73% 
   >$25,000 134 45.27% 
Site   
   West Virginia  220 63.58% 
   Bradford, PA 16 4.62% 
   Burgettstown, PA 44 12.72% 
   Braddock, PA 66 19.08% 
Total DMFT  
(primary plus permanent dentition) 346 2.864 (3.334) 
Family Functioning Dimensions   
   Communication (adolescent’s rating) 329 11.78 (2.770) 
   Communication (mother’s rating) 339 11.67 (2.586) 
   Involvement (adolescent’s rating) 323 11.69 (2.898) 
   Involvement (mother’s rating) 337 10.89 (2.302) 
   Task Accomplishment (adolescent’s rating) 326 12.17 (3.010) 
   Task Accomplishment (mother’s rating) 336 12.06 (2.625) 
   Values and Norms (adolescent’s rating) 323 11.90 (2.835) 
   Values and Norms (mother’s rating) 335 12.17 (2.811) 
   Control (adolescent’s rating) 328 12.36 (2.908) 
   Control (mother’s rating) 336 12.11 (2.566) 
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Figure 5. Score Differences by Dimension for the Adolescent-Mother Dyad Pairs 
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The dyadic raw scores for the adolescent and their mother were analyzed separately. For 
the adolescent’s rating of the dyadic relationship, the dimension values and norms was determined 
to be a statistically significant predictor of the adolescent’s total DMFT index. In the unadjusted 
model values and norms had a beta coefficient of 0.2274 and a p-value of 0.000. In the covariate 
adjusted model values and norms had a beta coefficient of 0.2408 and a p-value of 0.000. In the 
adolescent’s rating of the dyadic relationship, the dimensions communication, involvement, task 
accomplishment, and control were not found to be statistically significant predictors of the total 
DMFT index. For the mother’s rating of the dyadic relationship, the dimension values and norms 
was also determined to be a statistically significant predictor of her adolescent’s total DMFT index. 
For the unadjusted model, the p-value was 0.001 and the beta coefficient was 0.1901, however, 
the dimension did not continue to be significant in the adjusted model (see Table 6). Additionally, 
the dimension control was determined to be a statistically significant predictor of her (the mother) 
adolescent’s total DMFT index with a beta coefficient of 0.2105 and a p-value of 0.000 in the 
adjusted model.  
 
.  
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Table 6. Relationship between Family Functioning Dimensions for the Dyadic Family Assessment Measure and 
Total DMFT 
 
  Unadjusted Adjusted 
Dependent 
Variable 
Predictor Beta 
Coefficient 
Standard 
Error 
p-
value 
Beta 
Coefficient 
Standard 
Error 
p-
value 
Adolescent’s rating 
Total DMFT Communication 0.0691 0.0559 0.223 0.0884 0.0540 0.153 
Total DMFT Involvement 0.1614 0.0516 0.005 0.0758 0.0508 0.224 
Total DMFT Task 
Accomplishment 0.1467 0.0541 0.010 0.1322 0.0505 0.031 
Total DMFT Values and Norms 0.2274 0.0538 0.000 0.2408 0.0525 0.000 
Total DMFT Control 0.0876 0.0534 0.124 0.0239 0.0507 0.698 
Mother’s rating 
Total DMFT Communication 0.1317 0.0575 0.018 0.1676 0.0527 0.005 
Total DMFT Involvement 0.1410 0.0605 0.011 0.0943 0.0578 0.116 
Total DMFT Task 
Accomplishment 0.1028 0.0574 0.066 0.1490 0.0543 0.014 
Total DMFT Values and Norms 0.1901 0.0498 0.001 0.1497 0.0488 0.013 
Total DMFT Control 0.1453 0.0588 0.009 0.2105 0.0560 0.000 
a Adjusted models include age, sex, race, site, and income.  
Total DMFT includes decayed missing filled teeth for both the primary and permanent dentition. 
Bold font indicates a p-value less than 0.00125 
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3.4 Discussion 
The aim of this study was to explore the relationship of family functioning dimensions as 
predictors of the adolescent caries experience. The COHRA1 cohort that was used was 
representative of the adolescent age group, albeit, younger ages were more represented than older 
ages with the mean age in all Family Assessment Measures being approximately 13 years. In each 
of the analyses (General, Self, and Dyadic), males and females were approximately equally 
represented. However, not all study demographics were equal in the analyses. The majority of the 
study sample was from West Virginia and identified as Caucasian. Although, a predominantly 
Caucasian sample is not representative of the United States, it is representative of the Appalachian 
region. According to the 2000 U.S. Census, 88% of the Appalachian population identified as Non-
Hispanic White, 8% identified as Non-Hispanic Black, 2% identified as Hispanic, and 2% 
identified as other races, which include non-Hispanic American Indians, Pacific Islanders, Asians, 
and multiracial persons.144 In our study sample, the percentage of individuals who identified as 
Caucasian ranged from approximately 83%-85%,  ~13%-15% of individuals identified as African 
American, ~0.40%-0.60% of individuals identified as Asian, and ~0.20%-0.60% identified as 
Hispanic.  
3.4.1  Family Assessment Measure – General  
The General Family Assessment Measure examines the family on a global level. This 
survey allows the study participant to rate how their family interacts and achieves goals as a 
whole.112 None of the family functioning dimensions were found to be a statistically significant 
predictor of the adolescent’s total DMFT index after applying the Bonferroni correction. Note 
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though that there are family functioning dimensions that reach suggestive statistical significance 
(p-value < 0.05), such as task accomplishment and control. Both these dimensions are suggestive 
in the unadjusted and the adjusted models. An increase in the dimension score is indicative of 
worse family functioning.112 Therefore, a possible explanation of how an increase in the score for 
task accomplishment may increase the adolescent’s total DMFT index is by the family struggling 
to complete tasks related to oral hygiene such as, regular trips to the dentist and daily oral hygiene 
habits. Regular dental visits allow the dentist to continue to aid in the development and education 
of healthy oral hygiene habits.145 Furthermore, individuals who brush their teeth infrequently are 
at a greater risk for a new carious lesion compared to individuals who brush regularly.52,53  
The other dimension that was a suggestive predictor of the adolescent’s total DMFT index 
was control. Control refers to how family members influence one another.112,146 According to the 
Process Model of Family Functioning, family members influence one another in two distinct 
conditions.146 The first condition is to maintain current functioning to achieve day-to-day tasks 
and the second condition is to allow the current functioning to shift in order to meet changing 
demands.146 It is possible that an increased score in this dimension may cause an adolescent’s total 
DMFT index to increase because the family is experiencing challenges with maintenance 
functioning, which hamper the completion of day-to-day tasks such as oral hygiene habits.146 
Another explanation is that there is a change in the household structure such as, a two-parent 
household becoming a single-parent household. Such changes could also result in poorer 
toothbrushing behaviors for the children and adolescents residing in the home and perhaps poorer 
eating habits (i.e. an increase in sugar consumption). 
Furthermore, choosing to only analyze the adolescent’s assessment of the General Family 
Assessment Measure has limitations as there may be discrepancies in other family member’s 
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ratings of the dimensions that are unknown at this time. Studies examining family functioning in 
families that have a child with an eating disorder have demonstrated that including all family 
members in the evaluation process is critical, as viewpoints vary across family members. For 
example, research has shown that mothers tend to view family functioning as healthier and less 
disordered compared with their affected daughters, while others have found no difference in the 
perceptions of family functioning between fathers and affected daughters.104,147,148 
3.4.2  Family Assessment Measure – Self  
The Self Family Assessment Measure allows the adolescent to rate his or her own 
functioning within the context of the family.112 As an adolescent, the individual is beginning to 
establish their own oral hygiene habits and has assumed different roles within the family. For these 
reasons, assessing how the adolescent views himself/herself is important in trying to understand 
the family dynamic. Two of the five family functioning dimensions analyzed were found to be 
significant predictors of the adolescent’s total DMFT index. The dimension involvement had the 
highest beta coefficient in the unadjusted model at 0.184. This means with every one standard 
deviation increase in the adolescent’s raw score for involvement, results in a 0.184 standard 
deviation increase in their total DMFT index. The dimension values and norms was also found to 
be statistically significant in the unadjusted model with a beta coefficient of 0.182. In the covariate-
adjusted model, involvement was the only statistically significant predictor of the adolescent’s 
total DMFT index with a beta coefficient of 0.220. Again, this would mean with every one standard 
deviation increase in the adolescent’s raw score for involvement, a 0.220 standard deviation 
increase in their total DMFT index would occur. The dimension involvement “refers to the degree 
and quality of family members’ interest and concern for one another”.146 In the context of the Self 
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Family Assessment Measure, this would refer to how the individual feels about their own interest 
in family members. With this in mind, it is possible that an increase in an adolescent’s score for 
involvement may lead to an increase in their total DMFT index because the individual may not be 
interested in other family members and therefore feels a sense of pseudo-autonomy and therefore 
does not feel the need to complete oral hygiene tasks.146 On the other hand, an individual could 
have an increase in their involvement score because they have a strong interest in the family and 
therefore are too involved in helping others complete their tasks at the expense of their own.  
Furthermore, in the unadjusted models the dimensions communication, task 
accomplishment, and control reach suggestive significance (p values < 0.05) for predicting 
adolescent’s total DMFT index. A possible explanation of how an increase in the dimension 
communication could result in an increase in the adolescent’s total DMFT index is the adolescent 
could be struggling to deliver clear messages about their personal needs to family members.146 For 
example, as an adolescent becomes more independent certain tasks may be transferred to him/her 
and less reminders are given by the parents. The adolescent may then be in charge of providing 
reminders to the parent about scheduling dental appointments. If a child cannot deliver this 
message to a parent or is trying to pass the message indirectly, it is possible the dental appointment 
will be missed and therefore the adolescent’s oral hygiene cannot be assessed and corrected if 
needed.146 In the adjusted model, dimensions that are suggestive of being predictors of an 
adolescent’s total DMFT index are task accomplishment, values and norms, and control.  
3.4.3  Family Assessment Measure – Dyadic  
The Dyadic Family Assessment Measure allows individuals within the household to rate 
different dyadic relationships. In this thesis, the dyadic assessments were limited to the relationship 
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between adolescent and mother. The mean rating for each dimension was relatively similar for the 
adolescent-mother dyad. For example, the mean score of communication as rated by the adolescent 
was 11.78 and 11.67 as rated by the mother. The scores of the dimensions imply the adolescent 
and the mother perceive their relationship in a similar manner. Adolescents’ assessment of their 
relationship with their mother did yield a single family functioning dimension that was predictive 
of their total DMFT index: values and norms. The dimension values and norms was significant in 
both models. In the unadjusted model, the beta coefficient indicates that with every one standard 
deviation increase in the raw score for values and norms results in a 0.2274 standard deviation 
increase in the adolescent’s total DMFT index. In the adjusted model, the beta coefficient indicates 
that with every one standard deviation increase in the raw score for values and norms, a 0.2408 
standard deviation increase in the adolescent’s total DMFT index occurs.   
The mother’s assessment of the dyadic relationship also had statistically significant family 
functioning dimensions. In the unadjusted model, the dimension values and norms was also found 
to be a statistically significant predictor of the adolescent’s total DMFT index with a beta 
coefficient of 0.1901. In the models adjusted for age, income, race, sex, and site, the dimension 
control was a statistically significant predictor of the adolescent’s total DMFT index. Control’s 
beta coefficient of 0.2105 means that with every one standard deviation increase in the mother’s 
raw score for control, an increase of 0.2105 standard deviations occur in their adolescent’s total 
DMFT index. The dimension control again refers to the techniques used by family members to 
influence one another’s behavior.112,146 Additionally, control lends insight into an individual’s 
internal sense of responsibility.146 With this in mind, it is possible that an increase in the mother’s 
rating of control causes an increase in her adolescent’s total DMFT index because the adolescent 
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has not yet achieved his/her own sense of internal responsibility. A mother may feel that she often 
has to remind her child to complete their tasks such as brushing his/her teeth.  
The dimension values and norms was a statistically significant predictor in both the 
adolescent’s and the mother’s rating of their dyadic relationship. As explained by the Process 
Model of Family Functioning, values and norms help to provide context for individuals when 
going through the decision-making process.112,146 An example of how an increase in this score 
could explain an increase in the total DMFT index would be the assigned value to dental health 
and habits by the family. Studies have shown that when a parent or caregiver values or implements 
positive oral hygiene habits, their child is more likely to do the same.119,133,134 If dental health is 
not part of a family’s values and norms, it could have impact on the dental hygiene habits of the 
family. However, without exploration into the relationship of family functioning dimensions, oral 
hygiene habits, and DMFT index, it cannot be said if one of these mediates or influences the other. 
The study by Duijster et al. found all family functioning dimensions to be significantly associated 
with oral hygiene behaviors.137 Furthermore, they found children who were from normal 
functioning families were more likely to start brushing their teeth at a younger age when compared 
to children from families who had clinical or subclinical family functioning.137 These findings 
suggest the importance of exploring the possible relationship of family functioning and oral 
hygiene habits. 
Other family functioning dimensions reached suggestive levels of statistical significance 
(i.e. p values < 0.05) for predicting the adolescent’s total DMFT index. In the adolescent’s rating 
of his/her dyadic relationship, the dimensions involvement and task accomplishment in the 
unadjusted model were suggestive with a p-value of 0.005 and 0.010 respectively. In the adjusted 
model, task accomplishment remained suggestive with a p-value of 0.031. In the mother’s rating 
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of her dyadic relationship, the dimensions communication, involvement, and control were 
suggestive in the unadjusted model. In the adjusted model, communication remained suggestive 
with a p-value of 0.005. The dimensions task accomplishment and values and norms were also 
suggestive. 
3.4.4  Limitations and Directions for Future Research 
This study has several limitations that can be addressed in future studies. It will be critical 
to transform the family functioning dimensions into their final T-scores in order to characterize 
each dimension as a weakness or a strength for the family. This will allow for more descriptive 
studies of the COHRA1 cohort. For example, separating families into high and low functioning 
groups will allow exploration into possible differences between the two groups. Furthermore, fully 
scoring the dimensions will allow the comparison to outside study populations that also utilize the 
Family Assessment Measure.  
This study only explored the relationship between the mother and the adolescent. While 
historically more research has focused on the mother, it is critical to gather more information about 
the influence of the father (and other types of caregivers) on a child’s oral health. Additionally, 
each member in the household also completed the General and Self section of the Family 
Assessment Measure in addition to the Dyadic section. Exploring the caregiver’s perspective of 
the general family environment and how they perceive their own functioning would allow for a 
more thorough understanding of the family environment. Although there was agreement in the 
dyadic relationship, it is possible there is differences in perceptions of general family functioning. 
It would be interesting to explore these surveys and to see if there was any relationship between 
them and dental caries experience. It would also be beneficial to explore all the dimensions 
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assessed by the Family Assessment Measure. Due to the nature of the thesis project, the dimensions 
were limited for scope, however, it is possible other dimensions are also predictive of dental caries.  
Although covariates were included to adjust for influence, it is possible not all predictors 
were included in the regression model. It would be important to explore the relationship of family 
functioning dimensions on oral hygiene habits such as how often an adolescent brushes his or her 
teeth. As mentioned earlier, the Duijster et al. study found that the relationship between childhood 
dental caries and family functioning may have been mediated by oral hygiene behaviors.137 
Information on oral hygiene habits was collected on the COHRA1 sample and would be important 
to explore in future studies.  
3.5 Conclusion 
This study demonstrates that select family functioning dimensions are statistically 
significant predictors of an adolescent’s total DMFT index, and several other reach suggestive 
significance. The three sections of the Family Assessment Measure were analyzed independently.  
No statistically significant dimensions were found in the General Family Assessment Measure. 
The dimensions involvement and values and norms were significant predictors of the dependent 
variable in the Self Family Assessment Measure. Values and norms was significant in both the 
adolescent’s and the mother’s Dyadic Family Assessment Measure, along with the dimension 
control for the mother’s dyadic assessment.  These results support the hypothesis that family 
functioning dimensions have an impact on an adolescent’s total DMFT index, however, additional 
research is needed to understand the relationship further. Understanding of how family functioning 
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impacts an adolescent’s, or a child’s, DMFT index would be useful in strategizing public health 
interventions to more efficiently prevent dental caries and thereby reduce its public health impact.  
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4.0 Research Significance to Genetic Counseling and Public Health 
Strides have been made to reduce the burden of dental caries; however, it remains a global 
health problem affecting 60-90% of school-aged children in industrialized nations.87 In the United 
States alone, the prevalence of treated and untreated dental caries in children aged 2-19 years old 
was approximately 45% in 2015-2016.9 Due to the prevalence of dental caries in the United States 
and it being considered a largely preventable disease, it is considered a significant public health 
issue.1,2,9 Currently, oral health is one of the 2020 Healthy People Initiatives.149 A goal of this 
initiative is to prevent and control dental caries, along with other oral and craniofacial conditions, 
and improve access to preventative dental services and care.149  
The core functions of public health services are assessment, policy development, and 
assurance.150 Research such as this thesis project contributes to the assessment function of public 
health and supports the Healthy People 2020 Initiative. Assessment includes monitoring and 
diagnosing health problems in communities.150 Although the COHRA1 cohort is not wholly 
representative of the United States population, the results of this study indicate that family 
functioning may be an important social determinant of health worth studying in other populations 
in connection to dental caries. The aim of this study was to assess and better understand the 
predictive relationship of family functioning dimensions for adolescent total DMFT index through 
the use of the Family Assessment Measure. The three sections of this assessment tool were 
analyzed separately in order to assess the impact of different relationships and levels within family 
functioning (e.g. how the adolescent sees his or her own functioning within the context of the 
family and its impact on the total DMFT index). By exploring the relationship of the predictor 
variables on the dependent variable, the study further assessed the problem of dental caries and 
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studies like these may also inform future intervention strategies aimed at preventing or reducing 
the oral health burden.  
Further, this study also has implications for the field of genetic counseling. Dental caries 
is considered a chronic disease and managing the carious lesions has impacts on the family and 
the family has impact on the disease process. Many of the diseases that impact genetics patients 
are also chronic and progressive similar to dental caries.113-118,137 For this reason, it is important to 
continue to recognize the importance of family and support assessment during genetic counseling 
sessions. With recognizing this research and others that has focused on childhood chronic diseases, 
family functioning has impacts on disease outcome and management. Therefore, recognizing 
possible predictors of disease outcomes could inform future clinical practices.    
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Appendix A Definitions of Family Functioning Dimension 
Task Accomplishment: Achieving tasks is the overall goal of the family and includes a 
variety of tasks ranging from basic to crises tasks. In order to accomplish tasks, the family must 
organize itself in order to achieve its goals. According to the Process Model, “the process by which 
tasks are accomplished includes: (1) task or problem identification, (2) exploration of alternative 
solutions, (3) implementation of selected approaches, and (4) evaluation of effects”.112  
Communication: In order to achieve tasks, roles must be assigned to family members and 
these roles must be communicated effectively. Skinner et al. describes effective communication as 
the “achievement of [a] mutual understanding”.112 
Involvement: This refers to the quality and the amount of family members’ interest in one 
another.112 The type of involvement family members have with one another may support or inhibit 
the process of task accomplishment.  
Values and Norms: A family’s values and norms may influence how a family proceeds in 
accomplishing different tasks. A family will use its values and norms to provide information or 
context for the different choices it has to make. There are different aspects of this dimension that 
may be more influential, such as how much autonomy does a family member have to determine 
their own attitude or behavior.112  
Control: According to Skinner et al., “control is the process by which family members 
influence each other”.112 Traits or characteristics of the family are critical to control. For example, 
is a family constructive or destructive. Combinations of traits can give rise to four styles of control: 
chaotic, laissez-faire, rigid, or flexible.112 
57 
Appendix B  IRB Approval Documentation 
 
58 
59 
 
 
60 
 
61 
Bibliography 
1. United States Department of Health and Human Services. Oral health in America : a 
report of the Surgeon General. Rockville, MD: Department of Health and Human 
Services, National Institute of Dental and Craniofacial Research, National Institutes of 
Health; 2000. 
2. Centers for Disease Control and Prevention. Hygiene-related Diseases - Dental Caries 
(Tooth Decay). 2016; 
https://www.cdc.gov/healthywater/hygiene/disease/dental_caries.html#one. Accessed 
February 16, 2019. 
3. Seirawan H, Faust S, Mulligan R. The impact of oral health on the academic performance 
of disadvantaged children. Am J Public Health. 2012;102(9):1729-1734. 
4. Duijster D, O'Malley L, Elison S, et al. Family relationships as an explanatory variable in 
childhood dental caries: a systematic review of measures. Caries Res. 2013;47 Suppl 
1:22-39. 
5. Pine CM, Adair PM, Nicoll AD, et al. International comparisons of health inequalities in 
childhood dental caries. Community Dent Health. 2004;21(1 Suppl):121-130. 
6. Alderfer MA, Fiese BH, Gold JI, et al. Evidence-based assessment in pediatric 
psychology: family measures. J Pediatr Psychol. 2008;33(9):1046-1061; discussion 
1062-1044. 
7. Dinsmore BD, Stormshak EA. Family functioning and eating attitudes and behaviors in 
at-risk early adolescent girls: The mediating role intra-personal competencies. Curr 
Psychol. 2003;22(2):100-116. 
8. Leonard BJ, Jang YP, Savik K, Plumbo MA. Adolescents with Type 1 diabetes: Family 
functioning and metabolic control. J Fam Nurs. 2005;11(2):102-121. 
9. Fleming E, Afful J. Prevalence of total and untreated dental caries among youth: United 
States, 2015-2016. Hyattsville, MD: National Center for Health Statistics;2018. 
10. Lacruz RS, Habelitz S, Wright JT, Paine ML. Dental Enamel Formation and Implications 
for Oral Health and Disease. Physiol Rev. 2017;97(3):939-993. 
11. Hand AR, Frank ME. Fundamentals of oral histology and physiology. In: Ames, Iowa: 
Wiley Blackwell,; 2014: Pitt users please click through to access via Ebook Central - 
Academic Complete https://ebookcentral.proquest.com/lib/pitt-
ebooks/detail.action?docID=1848227. 
12. Barbour ME, Finke M, Parker DM, Hughes JA, Allen GC, Addy M. The relationship 
between enamel softening and erosion caused by soft drinks at a range of temperatures. J 
Dent. 2006;34(3):207-213. 
13. Meredith N, Sherriff M, Setchell DJ, Swanson SA. Measurement of the microhardness 
and Young's modulus of human enamel and dentine using an indentation technique. Arch 
Oral Biol. 1996;41(6):539-545. 
14. Yamamoto T, Hasegawa T, Yamamoto T, Hongo H, Amizuka N. Histology of human 
cementum: Its structure, function, and development. Jpn Dent Sci Rev. 2016;52(3):63-74. 
15. Pennsylvania Uo. Embryology of the Oral Cavity and Tooth Eruption. Introduction to 
Dental Medicine 2019; https://www.coursera.org/lecture/dental-medicine-penn/lecture-1-
62 
embryology-of-the-oral-cavity-and-tooth-eruption-10min-dmqKX. Accessed April 21, 
2019. 
16. Klein H, Palmer CE. Studies on Dental Caries: XII. Comparison of the Caries 
Susceptibility of the Various Morphological Types of Permanent Teeth. Journal of 
Dental Research. 1941;20(3):203-216. 
17. Macek MD, Beltran-Aguilar ED, Lockwood SA, Malvitz DM. Updated comparison of 
the caries susceptibility of various morphological types of permanent teeth. J Public 
Health Dent. 2003;63(3):174-182. 
18. Chestnutt IG, Schafer F, Jacobson AP, Stephen KW. Incremental susceptibility of 
individual tooth surfaces to dental caries in Scottish adolescents. Community Dent Oral 
Epidemiol. 1996;24(1):11-16. 
19. Hannigan A, O'Mullane DM, Barry D, Schafer F, Roberts AJ. A caries susceptibility 
classification of tooth surfaces by survival time. Caries Res. 2000;34(2):103-108. 
20. Ccahuana-Vasquez RA, Tabchoury CP, Tenuta LM, Del Bel Cury AA, Vale GC, Cury 
JA. Effect of frequency of sucrose exposure on dental biofilm composition and enamel 
demineralization in the presence of fluoride. Caries Res. 2007;41(1):9-15. 
21. Marsh PD. Sugar, fluoride, pH and microbial homeostasis in dental plaque. Proc Finn 
Dent Soc. 1991;87(4):515-525. 
22. Paes Leme AF, Koo H, Bellato CM, Bedi G, Cury JA. The role of sucrose in cariogenic 
dental biofilm formation--new insight. J Dent Res. 2006;85(10):878-887. 
23. Pecharki GD, Cury JA, Paes Leme AF, et al. Effect of sucrose containing iron (II) on 
dental biofilm and enamel demineralization in situ. Caries Res. 2005;39(2):123-129. 
24. Featherstone JD. Dental caries: a dynamic disease process. Aust Dent J. 2008;53(3):286-
291. 
25. Stookey GK. The effect of saliva on dental caries. J Am Dent Assoc. 2008;139 
Suppl:11S-17S. 
26. Kilian M, Chapple IL, Hannig M, et al. The oral microbiome - an update for oral 
healthcare professionals. Br Dent J. 2016;221(10):657-666. 
27. Krzysciakm W, Jurczak A, Piatkowski J. The Role of Human Oral Microbiome in Dental 
Biofilm Formation In: Dhanasekaran D, Thajuddin N, eds. Microbial Biofilms - 
Importance and Applications. IntechOpen; 2016. 
28. Escapa IF, Chen T, Huang Y, Gajare P, Dewhirst FE, Lemon KP. New insights into 
human nostril microbiome from the expanded Human Oral Microbiome Database 
(eHOMD): a resource for species-level identification of microbiome data from the 
aerodigestive tract. 2018; http://www.homd.org/. Accessed April 19, 2019. 
29. Sampaio-Maia B, Caldas IM, Pereira ML, Perez-Mongiovi D, Araujo R. The Oral 
Microbiome in Health and Its Implication in Oral and Systemic Diseases. Adv Appl 
Microbiol. 2016;97:171-210. 
30. Nanda J, Sachdev V, Sandhu M, Deep-Singh-Nanda K. Correlation between dental caries 
experience and mutans streptococci counts using saliva and plaque as microbial risk 
indicators in 3-8 year old children. A cross Sectional study. J Clin Exp Dent. 
2015;7(1):e114-118. 
31. Featherstone JD, Rodgers BE. Effect of acetic, lactic and other organic acids on the 
formation of artificial carious lesions. Caries Res. 1981;15(5):377-385. 
32. Pashley DH. Clinical correlations of dentin structure and function. J Prosthet Dent. 
1991;66(6):777-781. 
63 
33. Aas JA, Griffen AL, Dardis SR, et al. Bacteria of dental caries in primary and permanent 
teeth in children and young adults. J Clin Microbiol. 2008;46(4):1407-1417. 
34. Becker MR, Paster BJ, Leys EJ, et al. Molecular analysis of bacterial species associated 
with childhood caries. J Clin Microbiol. 2002;40(3):1001-1009. 
35. Chhour KL, Nadkarni MA, Byun R, Martin FE, Jacques NA, Hunter N. Molecular 
analysis of microbial diversity in advanced caries. J Clin Microbiol. 2005;43(2):843-849. 
36. Gross EL, Beall CJ, Kutsch SR, Firestone ND, Leys EJ, Griffen AL. Beyond 
Streptococcus mutans: dental caries onset linked to multiple species by 16S rRNA 
community analysis. PLoS One. 2012;7(10):e47722. 
37. Kanasi E, Johansson I, Lu SC, et al. Microbial risk markers for childhood caries in 
pediatricians' offices. J Dent Res. 2010;89(4):378-383. 
38. Lima KC, Coelho LT, Pinheiro IV, Rocas IN, Siqueira JF, Jr. Microbiota of dentinal 
caries as assessed by reverse-capture checkerboard analysis. Caries Res. 2011;45(1):21-
30. 
39. Nurelhuda NM, Al-Haroni M, Trovik TA, Bakken V. Caries experience and 
quantification of Streptococcus mutans and Streptococcus sobrinus in saliva of Sudanese 
schoolchildren. Caries Res. 2010;44(4):402-407. 
40. Oda Y, Hayashi F, Wakita A, Nagatani Y, Okada M. Five-year longitudinal study of 
dental caries risk associated with Streptococcus mutans and Streptococcus sobrinus in 
individuals with intellectual disabilities. J Oral Sci. 2017;59(1):39-46. 
41. Tanner AC, Mathney JM, Kent RL, et al. Cultivable anaerobic microbiota of severe early 
childhood caries. J Clin Microbiol. 2011;49(4):1464-1474. 
42. Xu H, Hao W, Zhou Q, et al. Plaque bacterial microbiome diversity in children younger 
than 30 months with or without caries prior to eruption of second primary molars. PLoS 
One. 2014;9(2):e89269. 
43. Taqi M, Razak IA, Ab-Murat N. Sugar consumption and caries occurrence among 
Pakistani school children. J Pak Med Assoc. 2018;68(10):1483-1487. 
44. Zeng L, Zeng Y, Zhou Y, et al. Diet and lifestyle habits associated with caries in 
deciduous teeth among 3- to 5-year-old preschool children in Jiangxi province, China. 
BMC Oral Health. 2018;18(1):224. 
45. Marshall TA, Levy SM, Broffitt B, et al. Dental caries and beverage consumption in 
young children. Pediatrics. 2003;112(3 Pt 1):e184-191. 
46. Feldens CA, Giugliani ER, Vigo A, Vitolo MR. Early feeding practices and severe early 
childhood caries in four-year-old children from southern Brazil: a birth cohort study. 
Caries Res. 2010;44(5):445-452. 
47. Rodrigues CS, Sheiham A. The relationships between dietary guidelines, sugar intake and 
caries in primary teeth in low income Brazilian 3-year-olds: a longitudinal study. Int J 
Paediatr Dent. 2000;10(1):47-55. 
48. Jain M, Namdev R, Bodh M, Dutta S, Singhal P, Kumar A. Social and Behavioral 
Determinants for Early Childhood Caries among Preschool Children in India. J Dent Res 
Dent Clin Dent Prospects. 2015;9(2):115-120. 
49. Naidu R, Nunn J, Donnelly-Swift E. Oral health-related quality of life and early 
childhood caries among preschool children in Trinidad. BMC Oral Health. 
2016;16(1):128. 
64 
50. Retnakumari N, Cyriac G. Childhood caries as influenced by maternal and child 
characteristics in pre-school children of Kerala-an epidemiological study. Contemp Clin 
Dent. 2012;3(1):2-8. 
51. Su H, Yang R, Deng Q, Qian W, Yu J. Deciduous dental caries status and associated risk 
factors among preschool children in Xuhui District of Shanghai, China. BMC Oral 
Health. 2018;18(1):111. 
52. Chankanka O, Cavanaugh JE, Levy SM, et al. Longitudinal associations between 
children's dental caries and risk factors. J Public Health Dent. 2011;71(4):289-300. 
53. Chung CS, Hankin JH, Miyamoto W, Kau MC. Dental plaque and dietary intakes in 
schoolchildren in Hawaii. J Dent Res. 1977;56(1):11-16. 
54. Do LG, Spencer AJ. Risk-benefit balance in the use of fluoride among young children. J 
Dent Res. 2007;86(8):723-728. 
55. Marinho VC, Higgins JP, Sheiham A, Logan S. Fluoride toothpastes for preventing 
dental caries in children and adolescents. Cochrane Database Syst Rev. 
2003(1):CD002278. 
56. Walsh T, Worthington HV, Glenny AM, Appelbe P, Marinho VC, Shi X. Fluoride 
toothpastes of different concentrations for preventing dental caries in children and 
adolescents. Cochrane Database Syst Rev. 2010(1):CD007868. 
57. Aida J, Ando Y, Oosaka M, Niimi K, Morita M. Contributions of social context to 
inequality in dental caries: a multilevel analysis of Japanese 3-year-old children. 
Community Dent Oral Epidemiol. 2008;36(2):149-156. 
58. Piovesan C, Antunes JL, Mendes FM, Guedes RS, Ardenghi TM. Influence of children's 
oral health-related quality of life on school performance and school absenteeism. J Public 
Health Dent. 2012;72(2):156-163. 
59. Wigen TI, Espelid I, Skaare AB, Wang NJ. Family characteristics and caries experience 
in preschool children. A longitudinal study from pregnancy to 5 years of age. Community 
Dent Oral Epidemiol. 2011;39(4):311-317. 
60. Wigen TI, Wang NJ. Caries and background factors in Norwegian and immigrant 5-year-
old children. Community Dent Oral Epidemiol. 2010;38(1):19-28. 
61. Zhou Y, Lin HC, Lo EC, Wong MC. Risk indicators for early childhood caries in 2-year-
old children in southern China. Aust Dent J. 2011;56(1):33-39. 
62. Krieger N, Williams DR, Moss NE. Measuring social class in US public health research: 
concepts, methodologies, and guidelines. Annu Rev Public Health. 1997;18:341-378. 
63. Conry JP, Messer LB, Boraas JC, Aeppli DP, Bouchard TJ, Jr. Dental caries and 
treatment characteristics in human twins reared apart. Arch Oral Biol. 1993;38(11):937-
943. 
64. Vieira AR, Modesto A, Marazita ML. Caries: review of human genetics research. Caries 
Res. 2014;48(5):491-506. 
65. Wang X, Shaffer JR, Weyant RJ, et al. Genes and their effects on dental caries may differ 
between primary and permanent dentitions. Caries Res. 2010;44(3):277-284. 
66. Shaffer JR, Wang X, Feingold E, et al. Genome-wide association scan for childhood 
caries implicates novel genes. J Dent Res. 2011;90(12):1457-1462. 
67. Wendell S, Wang X, Brown M, et al. Taste genes associated with dental caries. J Dent 
Res. 2010;89(11):1198-1202. 
65 
68. Shaffer JR, Wang X, McNeil DW, Weyant RJ, Crout R, Marazita ML. Genetic 
susceptibility to dental caries differs between the sexes: a family-based study. Caries Res. 
2015;49(2):133-140. 
69. Dean T, Arnold Jr. FA, Elvove E. Public Health Weekly Reports for AUGUST 7, 1942. 
Public Health Rep. 1942;57(32):1155-1194. 
70. Centers for Disease Control and Prevention. Community Water Fluoridation. n.d.; 
https://www.cdc.gov/fluoridation/index.html. Accessed March 23, 2019. 
71. Centers for Disease Control and Prevention. National Water Fluoridation Statistics. n.d.; 
https://www.cdc.gov/fluoridation/statistics/2014stats.htm. Accessed March 25, 2019. 
72. ten Cate JM, Featherstone JD. Mechanistic aspects of the interactions between fluoride 
and dental enamel. Crit Rev Oral Biol Med. 1991;2(3):283-296. 
73. American Dental Association. Home Oral Care. n.d.; https://www.ada.org/en/member-
center/oral-health-topics/home-care. Accessed February 16, 2019. 
74. Alm A, Wendt LK, Koch G, Birkhed D. Oral hygiene and parent-related factors during 
early childhood in relation to approximal caries at 15 years of age. Caries Res. 
2008;42(1):28-36. 
75. Chesters RK, Huntington E, Burchell CK, Stephen KW. Effect of oral care habits on 
caries in adolescents. Caries Res. 1992;26(4):299-304. 
76. DePaola PF, Soparkar PM, Tavares M, Kent RL, Jr. Clinical profiles of individuals with 
and without root surface caries. Gerodontology. 1989;8(1):9-15. 
77. Granath LE, Martinsson T, Matsson L, Nilsson G, Schroder U, Soderholm B. 
Intraindividual effect of daily supervised flossing on caries in schoolchildren. Community 
Dent Oral Epidemiol. 1979;7(3):147-150. 
78. Wright JT, Crall JJ, Fontana M, et al. Evidence-based clinical practice guideline for the 
use of pit-and-fissure sealants: A report of the American Dental Association and the 
American Academy of Pediatric Dentistry. J Am Dent Assoc. 2016;147(8):672-682 e612. 
79. Ahovuo-Saloranta A, Forss H, Walsh T, Norblad A, Makela M, Worthington HV. Pit and 
fissure sealants for preventing dental decay in permanent teeth. Cochrane Database of 
Systematic Reviews. 2017(7). 
80. Dye BA, Li X, Beltran-Aguilar ED. Selected oral health indicators in the United States, 
2005-2008. NCHS Data Brief. 2012(96):1-8. 
81. McNeil DW, Crout RJ, Marazita ML. Oral Health. In: Ludke RL, Obermiller, Phillip J.,, 
ed. Appalachian Health and Well-Being. Lexington: University Press of Kentucky; 
2012:275-294. 
82. Edgar WM, Dawes C, O'Mullane DM. Saliva and oral health. 3rd ed. London: British 
Dental Association; 2004. 
83. Li X, Wang J, Joiner A, Chang J. The remineralisation of enamel: a review of the 
literature. J Dent. 2014;42 Suppl 1:S12-20. 
84. Dodds M, Roland S, Edgar M, Thornhill M. Saliva A Review of its role in maintaing oral 
health and preventing dental disease. Bdj Team. 2015;2:11-13. 
85. Diaz de Guillory C, Schoolfield JD, Johnson D, et al. Co-relationships between glandular 
salivary flow rates and dental caries. Gerodontology. 2014;31(3):210-219. 
86. Flink H. Studies on the prevalence of reduced salivary flow rate in relation to general 
health and dental caries, and effect of iron supplementation. Swed Dent J Suppl. 
2007(192):3-50, 52 p preceding table of contents. 
87. The World Health Organization. The World Oral Health Report. 2003. 
66 
88. Baelum V, van Palenstein Helderman W, Hugoson A, Yee R, Fejerskov O. A global 
perspective on changes in the burden of caries and periodontitis: implications for 
dentistry. J Oral Rehabil. 2007;34(12):872-906; discussion 940. 
89. Matsuo G, Rozier RG, Kranz AM. Dental Caries: Racial and Ethnic Disparities Among 
North Carolina Kindergarten Students. Am J Public Health. 2015;105(12):2503-2509. 
90. van der Tas JT, Kragt L, Veerkamp JJ, et al. Ethnic Disparities in Dental Caries among 
Six-Year-Old Children in the Netherlands. Caries Res. 2016;50(5):489-497. 
91. Delgado-Angulo EK, Bernabe E, Marcenes W. Ethnic inequalities in dental caries among 
adults in East London. J Public Health (Oxf). 2016;38(2):e55-62. 
92. Clinical Affairs Committee AAoPD. Guideline on Adolescent Oral Health Care. Pediatr 
Dent. 2015;37(5):49-56. 
93. Gift HC, Reisine ST, Larach DC. The social impact of dental problems and visits. Am J 
Public Health. 1992;82(12):1663-1668. 
94. Jackson SL, Vann WF, Jr., Kotch JB, Pahel BT, Lee JY. Impact of poor oral health on 
children's school attendance and performance. Am J Public Health. 2011;101(10):1900-
1906. 
95. Gilchrist F, Marshman Z, Deery C, Rodd HD. The impact of dental caries on children 
and young people: what they have to say? Int J Paediatr Dent. 2015;25(5):327-338. 
96. Martins MT, Sardenberg F, Bendo CB, Vale MP, Paiva SM, Pordeus IA. Dental caries 
are more likely to impact on children's quality of life than malocclusion or traumatic 
dental injuries. Eur J Paediatr Dent. 2018;19(3):194-198. 
97. Moure-Leite FR, Ramos-Jorge J, Ramos-Jorge ML, Paiva SM, Vale MP, Pordeus IA. 
Impact of dental pain on daily living of five-year-old Brazilian preschool children: 
prevalence and associated factors. Eur Arch Paediatr Dent. 2011;12(6):293-297. 
98. Feldens CA, Ardenghi TM, Dos Santos Dullius AI, Vargas-Ferreira F, Hernandez PA, 
Kramer PF. Clarifying the Impact of Untreated and Treated Dental Caries on Oral 
Health-Related Quality of Life among Adolescents. Caries Res. 2016;50(4):414-421. 
99. Alsumait A, ElSalhy M, Raine K, et al. Impact of dental health on children's oral health-
related quality of life: a cross-sectional study. Health Qual Life Outcomes. 2015;13:98. 
100. Krisdapong S, Prasertsom P, Rattanarangsima K, Sheiham A. Impacts on quality of life 
related to dental caries in a national representative sample of Thai 12- and 15-year-olds. 
Caries Res. 2013;47(1):9-17. 
101. Severo Alves L, Dam-Teixeira N, Susin C, Maltz M. Association among quality of life, 
dental caries treatment and intraoral distribution in 12-year-old South Brazilian 
schoolchildren. Community Dent Oral Epidemiol. 2013;41(1):22-29. 
102. Walsh F. Normal Family Processes, Fourth Edition: Growing Diversity and Complexity 
In: New York, United States: Guilford Publications; 2011: 
https://ebookcentral.proquest.com/lib/pitt-ebooks/detail.action?docID=829311. Accessed 
April 5, 2019. 
103. Cyril S, Halliday J, Green J, Renzaho AM. Relationship between body mass index and 
family functioning, family communication, family type and parenting style among 
African migrant parents and children in Victoria, Australia: a parent-child dyad study. 
BMC Public Health. 2016;15:707. 
104. Dancyger I, Fornari V, Scionti L, Wisotsky W, Sunday S. Do daughters with eating 
disorders agree with their parents' perception of family functioning? Compr Psychiatry. 
2005;46(2):135-139. 
67 
105. Fradkin C, Wallander JL, Elliott MN, Tortolero S, Cuccaro P, Schuster MA. Associations 
between socioeconomic status and obesity in diverse, young adolescents: variation across 
race/ethnicity and gender. Health Psychol. 2015;34(1):1-9. 
106. Koutra K, Roumeliotaki T, Kyriklaki A, et al. Maternal depression and personality traits 
in association with child neuropsychological and behavioral development in preschool 
years: Mother-child cohort (Rhea Study) in Crete, Greece. J Affect Disord. 2017;217:89-
98. 
107. Marmot M, Friel S, Bell R, Houweling TA, Taylor S, Commission on Social 
Determinants of H. Closing the gap in a generation: health equity through action on the 
social determinants of health. Lancet. 2008;372(9650):1661-1669. 
108. Ogden CL, Lamb MM, Carroll MD, Flegal KM. Obesity and socioeconomic status in 
children and adolescents: United States, 2005-2008. NCHS Data Brief. 2010(51):1-8. 
109. Boe T, Overland S, Lundervold AJ, Hysing M. Socioeconomic status and children's 
mental health: results from the Bergen Child Study. Soc Psychiatry Psychiatr Epidemiol. 
2012;47(10):1557-1566. 
110. Nepomnyaschy L. Socioeconomic gradients in infant health across race and ethnicity. 
Matern Child Health J. 2009;13(6):720-731. 
111. Santiago CD, Wadsworth ME, Stump J. Socioeconomic status, neighborhood 
disadvantage, and poverty-related stress: Prospective effects on psychological syndromes 
among diverse low-income families. Journal of Economic Psychology. 2011;32(2):218-
230. 
112. Skinner H, Steinhauer P, Sitarenios G. Family Assessment Measure (FAM) and Process 
Model of Family Functioning. Journal of Family Therapy. 2000;22(2):190-210. 
113. Berge JM, Wall M, Larson N, Loth KA, Neumark-Sztainer D. Family functioning: 
associations with weight status, eating behaviors, and physical activity in adolescents. J 
Adolesc Health. 2013;52(3):351-357. 
114. Renzaho AM, Kumanyika S, Tucker KL. Family functioning, parental psychological 
distress, child behavioural problems, socio-economic disadvantage and fruit and 
vegetable consumption among 4-12 year-old Victorians, Australia. Health Promot Int. 
2011;26(3):263-275. 
115. Turner HM, Rose KS, Cooper MJ. Schema and parental bonding in overweight and 
nonoverweight female adolescents. Int J Obes (Lond). 2005;29(4):381-387. 
116. Wilkins SC, Kendrick OW, Stitt KR, Stinett N, Hammarlund VA. Family functioning is 
related to overweight in children. J Am Diet Assoc. 1998;98(5):572-574. 
117. Zeller MH, Reiter-Purtill J, Modi AC, Gutzwiller J, Vannatta K, Davies WH. Controlled 
study of critical parent and family factors in the obesigenic environment. Obesity (Silver 
Spring). 2007;15(1):126-136. 
118. Ambrosini GL, Oddy WH, Robinson M, et al. Adolescent dietary patterns are associated 
with lifestyle and family psycho-social factors. Public Health Nutr. 2009;12(10):1807-
1815. 
119. Folayan MO, Kolawole KA, Oyedele T, et al. Association between knowledge of caries 
preventive practices, preventive oral health habits of parents and children and caries 
experience in children resident in sub-urban Nigeria. BMC Oral Health. 2014;14:156. 
120. Meurman PK, Pienihakkinen K. Factors associated with caries increment: a longitudinal 
study from 18 months to 5 years of age. Caries Res. 2010;44(6):519-524. 
68 
121. Al-Jewair TS, Leake JL. The prevalence and risks of early childhood caries (ECC) in 
Toronto, Canada. J Contemp Dent Pract. 2010;11(5):001-008. 
122. Nunn ME, Dietrich T, Singh HK, Henshaw MM, Kressin NR. Prevalence of early 
childhood caries among very young urban Boston children compared with US children. J 
Public Health Dent. 2009;69(3):156-162. 
123. Oliveira LB, Sheiham A, Bonecker M. Exploring the association of dental caries with 
social factors and nutritional status in Brazilian preschool children. Eur J Oral Sci. 
2008;116(1):37-43. 
124. Slade GD, Sanders AE, Bill CJ, Do LG. Risk factors for dental caries in the five-year-old 
South Australian population. Aust Dent J. 2006;51(2):130-139. 
125. Declerck D, Leroy R, Martens L, et al. Factors associated with prevalence and severity of 
caries experience in preschool children. Community Dent Oral Epidemiol. 
2008;36(2):168-178. 
126. Li Y, Zhang Y, Yang R, Zhang Q, Zou J, Kang D. Associations of social and behavioural 
factors with early childhood caries in Xiamen city in China. Int J Paediatr Dent. 
2011;21(2):103-111. 
127. Skeie MS, Riordan PJ, Klock KS, Espelid I. Parental risk attitudes and caries-related 
behaviours among immigrant and western native children in Oslo. Community Dent Oral 
Epidemiol. 2006;34(2):103-113. 
128. Leroy R, Hoppenbrouwers K, Jara A, Declerck D. Parental smoking behavior and caries 
experience in preschool children. Community Dent Oral Epidemiol. 2008;36(3):249-257. 
129. Gavic L, Tadin A, Mihanovic I, Gorseta K, Cigic L. The role of parental anxiety, 
depression, and psychological stress level on the development of early-childhood caries 
in children. Int J Paediatr Dent. 2018;28(6):616-623. 
130. Dos Santos Pinto G, de Avila Quevedo L, Britto Correa M, et al. Maternal Depression 
Increases Childhood Dental Caries: A Cohort Study in Brazil. Caries Res. 2017;51(1):17-
25. 
131. Kawashita Y, Fukuda H, Kawasaki K, et al. Dental caries in 3-year-old children is 
associated more with child-rearing behaviors than mother-related health behaviors. J 
Public Health Dent. 2009;69(2):104-110. 
132. Bhat SS, Hegde S, Bhat V, Ramya KM, Jodalli P. Assessment of maternal risk factors 
and its relationship with early childhood caries among preschool children in Mangaluru 
city. J Indian Soc Pedod Prev Dent. 2017;35(3):193-197. 
133. Bozorgmehr E, Hajizamani A, Malek Mohammadi T. Oral health behavior of parents as a 
predictor of oral health status of their children. ISRN Dent. 2013;2013:741783. 
134. Mattila ML, Rautava P, Sillanpaa M, Paunio P. Caries in five-year-old children and 
associations with family-related factors. J Dent Res. 2000;79(3):875-881. 
135. Wellappuli N, Amarasena N. Influence of family structure on dental caries experience of 
preschool children in Sri Lanka. Caries Res. 2012;46(3):208-212. 
136. Pardi V, Kopycka-Kedzierawski DT, Billings RJ, Pereira SM, de Meneghim M, Pereira 
AC. Assessment of caries experience in 12-year-old adolescents in Piracicaba, Sao Paulo, 
Brazil. Oral Health Prev Dent. 2010;8(4):361-367. 
137. Duijster D, Verrips GH, van Loveren C. The role of family functioning in childhood 
dental caries. Community Dent Oral Epidemiol. 2014;42(3):193-205. 
69 
138. Renzaho AM, de Silva-Sanigorski A. The importance of family functioning, mental 
health and social and emotional well-being on child oral health. Child Care Health Dev. 
2014;40(4):543-552. 
139. Polk DE, Weyant RJ, Crout RJ, et al. Study protocol of the Center for Oral Health 
Research in Appalachia (COHRA) etiology study. BMC Oral Health. 2008;8:18. 
140. Appalachian Regional Commission. The Appalachian Region. n.d.; 
https://www.arc.gov/appalachian_region/TheAppalachianRegion.asp. Accessed February 
25, 2019. 
141. Shaffer JR, Leslie EJ, Feingold E, et al. Caries Experience Differs between Females and 
Males across Age Groups in Northern Appalachia. Int J Dent. 2015;2015:938213. 
142. STATA [computer program]. Version 14. College Station, TX: StataCorp LLC; 2015. 
143. Armstrong RA. When to use the Bonferroni correction. Ophthalmic Physiol Opt. 
2014;34(5):502-508. 
144. Pollard KM. A "New Diversity": Race and Ethnicity in the Appalachian Region. In: 
Demographic and Socioeconomic Change in Appalachia. Washington DC: Appalachian 
Regional Commission and Population Reference Bureau; 2004. 
145. Goettems ML, Ardenghi TM, Demarco FF, Romano AR, Torriani DD. Children's use of 
dental services: influence of maternal dental anxiety, attendance pattern, and perception 
of children's quality of life. Community Dent Oral Epidemiol. 2012;40(5):451-458. 
146. Steinhauer PD, Santa-Barbara J, Skinner H. The Process Model of Family Functioning. 
Can J Psychiatry. 1984;29(2):77-88. 
147. Laghi F, Pompili S, Zanna V, et al. How adolescents with anorexia nervosa and their 
parents perceive family functioning? Journal of Health Psychology. 2017;22(2):197-207. 
148. Rowa K, Kerig P, Geller J. The Family and Anorexia Nervosa: Examining Parent-Child 
Boundary Problems. European Eating Disorders Review. 2001;9(2):97-114. 
149. Office of Disease Prevention and Health Promotion. Oral Health. n.d.; 
https://www.healthypeople.gov/2020/topics-objectives/topic/oral-health. Accessed May 
07, 2019. 
150. National Center for Environmental Health. Resources Organized by Essential Services. 
n.d.; https://www.cdc.gov/nceh/ehs/ephli/core_ess.htm. Accessed May 7, 2019. 
 
